
This Volume is for 
REFERENCE USE ONLY 

jraiff^iff^iffsa?^]^^ 



.NATIONAL 
ACADEMY OF SCIENCES 

OF THE UNITED STATES 
OF AMERICA 



BIOGRAPHICAL MEMOIRS 



VOL. xxv 



CITY OF WASHINGTON 

PUBLISHED BY THE NATIONAL ACADEMY OF SCIENCES 

1949 



CONTENTS 



JAMES McKEEX CATTELL W. B. Pillsbury i 

HENRY SEELY WHITE Arthur B. Coble 17 

WILLIAM WALLACE CAMPBELL W. H. Wright 35 

CHARLES BENEDICT DAVENPORT Oscar Riddle 75 

FRANK MICHLER CHAPMAN William King Gregory in 

FRANCIS BERTODY SUMNER Charles Manning Child 147 

WILLIAM BERRYMAN SCOTT G. G. Simpson 175 

CHARLES VINCENT TAYLOR C. H. Dan forth 205 

ROBERT ALMER HARPER Charles Thorn 229 

HARRY BATEMAN F. D. Murnaghan 241 

ORVILLE WRIGHT William F. Durancl 257 

MARGARET FLOY WASHBURN Robert S. Wood worth 275 

GEORGE WILLIAM LEWIS William F, Duraiul 297 

ROLLINS ADAMS EMERSON Marcus M. Rhoades 313 



NATIONAL ACADEMY OF SCIENCES 

OF THE UNITED STATES OF AMERICA 
BIOGRAPHICAL MEMOIRS 

VOLUME XXV FUST MEMOIR 



BIOGRAPHICAL MEMOIR . 

OF 

JAMES McKEEN CATTELL 

1860-1944 

BY 

W. B. PILLSBURY 



PRESENTED TO THE ACADEMY AT THE AUTUMN MEETING, 1947 



JAMES McKEEN CATTELL 
1860-1944 

BY W. B. PILLSBURY 

Through most of the beginnings and early fruition of scien- 
tific psychology, Cattell was a dominant factor in introducing 
the experimental technique in America. It is true that James 
and Stanley Hall 'antedated him; for each the scientific method 
was grafted upon an older theoretical approach. Neither did 
much in experiment of the modern type themselves. Hall 
developed a school of workers, but not quite in the modern 
method. Cattell on the other hand came in with the experi- 
mental method, held the first chair in psychology, and developed 
one of the first laboratories in America. As editor of journals 
and head of one of the most productive laboratories in America, 
he was one of the men who presided over the destinies of 
psychology for generations of scholars. 

James McKeen Cattell was born in Easton, Pa., May 25, 
1860. His father was first professor of classics, and from 
1863 to 1883 president of Lafayette College. Cattell received 
his A. B. from Lafayette in 1880, the A. M. in 1883. Follow- 
ing his graduation he studied for two years in Gottingen, Leip- 
zig, Paris, and Geneva, then spent the year 1882-83 as fellow at 
Johns Hopkins. He then returned to Leipzig, where he studied 
with Wundt and received the Ph.D. in 1886. Cattell's associa- 
tions with Wundt were very close during this period. He said 
once that he told Wundt that he needed an assistant, volun- 
teered for the position and was accepted. He took some credit 
or blame for Wundt's large literary output, saying that he gave 
him an American typewriter, without which so much could not 
have been written. 

The period at Leipzig was very fertile in investigation. Six 
articles were published in the Philosophische Stttdien and several 
of them were adapted for publication in Mind and Brain in 
England. They dealt with various phases of reaction times 
and association, together with the simpler processes of reading. 
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All were fundamental to the topics discussed and have been 
taken as classics in their field. 

In 1887 Cattell returned to America as lecturer in psychology 
at the University of Pennsylvania and Bryn Mawr College. 
The following year he spent as lecturer at the University of 
Cambridge. He developed a laboratory there and continued his 
investigations. This year was especially fruitful for the close 
contact with Francis Galton, whose methods and ideals Cattell 
specially admired. They inspired much of his own work in 
individual differences and in the study of distinguished men 
that was so important in the middle and later portion of his life. 
This year he met and married Josephine Owen of London, who 
was a great help and support all through his career. 

The following year Cattell returned to the University of 
Pennsylvania as chairman of the department of psychology. 
He established another laboratory and began a vigorous re- 
search program. The most important contribution of this 
period was a study of the perception of small differences in 
collaboration with Professor G. S. Fullerton of the department 
of philosophy. The results gave a new turn to the previous 
interpretations of psychophysics that was influential on the 
later developments in that field. He showed his usual vigor in 
putting psychology at once upon a firm footing in the university 
by the students he attracted and by the respect that he won from 
colleagues. 

Cattell was called to head the department of psychology at 
Columbia in 1891. He was also acting head of the department 
of anthropology from 1896 to 1902, and of the department of 
philosophy from 1902 to 1905. Previous to his appointment 
the work in psychology had been given in the department of 
philosophy. Under his direction psychology at Columbia be- 
came one of the strongest departments of research and advanced 
teaching in the country. He gathered about him a group of 
scholars of the first class. Some remained on the staff, others 
manned important institutions elsewhere. Forty-six members 
of the American Psychological Association received Ph.D. 
degrees during his tenure. He was also in charge of the work 
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in psychology at Barnard College and for a few years taught 
in Teachers College. He called strong men to the departments 
of anthropology and philosophy, so they too prospered through 
his influence. 

As a teacher Cattell left his students much on their own 
with direction when needed, but with no constant tutelage. 
They could count on him for admirable counsel when it was 
needed and he was alert to see that they did not go wrong, but 
they were encouraged to depend on their own resources and 
develop their own strength to the limit. The benefit is seen in 
the later careers of the better men. 

From the beginning Cattell took a strong position in the 
faculty for an independent position of the university professor. 
He stipulated that he need be at the university for a specific 
number of days a week and established his residence on top 
of a hill near Garrison, forty miles from New York. Later he 
equipped offices and laboratories where he could do his edi- 
torial work. This gave him freedom from many of the interrup- 
tions of university life. He also contended that many of the 
administrative problems that dealt with education should be 
decided by the various faculties and not by deans and the presi- 
dent. This led to many controversies of varied nature. He led 
a protest against taking a site that had been used as a faculty 
club for an educational building. A much more elaborate club 
was secured in consequence, or at least after the protest. 

These controversies were probably a factor in Cattell's final 
separation from the university. The last step came during the 
war in 1917. Cattell wrote a letter to Members of Congress 
protesting against sending conscientious objectors to combat 
duty overseas. The president and trustees "interpreted this as 
an act of treason and dismissed him from the university. In 
furtherance of his stand for the rights of the professor, Cattell 
sued Columbia for a large sum for libel. The case was settled 
by granting a large annuity. 

After being freed from university responsibilities Cattell 
gave much mojre time to the editorial work that had long taken 
much of his energies, and to the organization of other scientific 
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activities. Cattail's first editorship was of the Psychological 
Review, which he founded with J. Mark Baldwin in 1894. He 
continued as joint editor until 1904, when he sold his share of 
the enterprise and retired. The Review was influential from 
the first and still continues, having been taken over by the 
American Psychological Association as its organ. Later he 
founded the Archives of Psychology, which has been edited 
from the beginning by Woodworth. A companion volume, 
"The Archives of Philosophy, Psychology, and Scientific 
Method," lasted but one year but contained much valuable 
material in the volume published. 

Much more demanding in time and administrative ability 
was the editorship of the series of general scientific and educa- 
tional journals that Cattell fathered. In 1895 he bought Science 
from Alexander Graham Bell, who had founded it in 1883. 
Cattell at once made Science an important medium for the 
American scientific world and in 1900 it was made the official 
organ of- the American Association for the Advancement of 
Science, which relationship still holds as it was given to the 
Association at his death. In 1900 he acquired from Appletons 
Popitlar Science Monthly, which he also put upon a successful 
basis both financially and scientifically. The name was later 
changed to the Scientific Monthly. In 1908 he assumed con- 
trol of the American Naturalist. In 1915 he founded School 
and Society as the weekly medium of communication of Ameri- 
can education. It was immediately popular and still continues, 

Cattell had a wide range of acquaintances among men of 
science through his long connection with the American Asso- 
ciation for the Advancement of Science and the National 
Academy of Sciences. His editorial activities with scientific 
periodicals constantly extended this range. A work, partly 
a study of the nature and origin of scientific ability and partly 
a convenient work of reference, resulted in the Biographical 
Directory of American Men of Science. This was unique in 
that he asked a number of competent men in each field to rate 
their colleagues in order of merit and then starred a proportion 
of the total list in each science. The number starred varied 
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with the number active in each science and was set at a thousand 
for all the sciences. After the first edition the starred men were 
asked to select the new men. The volume provided an index 
for administrative officers of the scientists available. Cattell 
used the results of estimates for an objective study of the origin 
and distribution of men of science of different degrees of effec- 
tiveness. The directory proved its value on the practical side 
and the scientific results were highly important. The sixth 
edition of the work appeared in 1938, and the seventh, under 
the direction of Jacques Cattell, in 1944. A companion direc- 
tory, Leaders in Education, was published in 1932 and 1940. 
To print the various journals and books which he had developed 
into a considerable business, Cattell founded the Science Press 
in 1923. 

In 1921 Cattell took the initiative in founding The Psy- 
chological Corporation, a non-profit stock company for the 
application of psychology to various problems in industry. The 
stock was held by psychologists and the proceeds were devoted 
to the advancement of psychological research. Cattell was 
first president and then chairman of the board. The society 
has had a long period of usefulness, and tends to increase in 
the services it performs. 

Cattell was very active in many general and special scientific 
organizations. He watched the course of all that he was con- 
nected with very keenly and was always influential in the selec- 
tion of policies and personnel. He was one of the founders of 
the American Psychological Association in 1892 and was its 
president in J895. He was long a member of the American 
Association for the Advancement of Science and much of the 
time chairman of the executive committee; was vice-president 
of the section in anthropology in 1898 and of the section in 
education in 1912. He was president of the Association in 1924. 
He was a member of the American Society of Naturalists 
(president, 1902), of the New York Academy of Sciences 
(president, 1902), of the Eugenics Research Association (presi- 
dent, 1914), of the Washington Academy of Sciences (vice- 
president, 1921), and of Sigma Xi (president, 1913-1915). 
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He was elected president of the International Congress of 
Psychology at New Haven in 1929, which by tradition marked 
him as the outstanding American psychologist of the period. 
He was a member from 1901 of the National Academy of 
Sciences, of the American Philosophical Society, and of the 
American Physiological Society. These honors indicate his 
eminence in different fields of science. 

Cattell's scholarly work shows distinct phases in different 
periods of his life. His early years, as a student and in the 
first years of his professorships, were devoted to definitely 
experimental research, what James , called "brass instrument 
psychology/' Then there was a period in which individual 
differences and the ecology of the man of science dominated 
his interest. This was in line with the work of Galton, and 
the Cambridge men, although it was begun some years after 
the English period of his life. Subsequently, after his separa-^ 
tion from Columbia, he continued his studies with tests and 
in the conditioning of the scientific man and added various 
other practical 'applications. Much of this later period- was 
devoted to establishing favorable conditions for the teacher in 
universities and in facilitating work in research and the pub- 
lication of the results of research. 

Cattell's first study was of the time of exposure necessary 
to read letters, words, and colors. This .divided into two parts 
in later investigations. One was a measure of the number of 
simple objects that could be seen with a short exposure, the 
other the time required to name the object after it was presented. 
The first series that began the experiments on the span of 
consciousness were fundamental to later studies of reading. 
The second problem was a continuation and amplification of 
the work in reaction' times that began with astronomers in their 
elimination of the personal equation in transit observation and 
then was taken over by the physiologists and by Wundt and his 
students. 

CattelPs studies of reaction times improved upon his pre- 
decessors' in his greater recognition of the importance of devia- 
tions from the mean, which had frequently been considered as 
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less important by the earlier men. He also was not content 
with the relatively small number of different measurements 
of the older men. A considerable part of the advance that 
Cattell made was due to the decided improvements he made in 
the instruments that were used for presenting the stimuli and 
in recording the response, especially in speech. The new 
activities he measured were mainly the times of perception 
under different conditions and the so-called will time. Possibly 
most important for later work was the study of the difference 
in time between free and controlled association. The time 
required for association had been measured only for free asso- 
ciation, and that somewhat roughly. Cattell found that response 
with abstract words required less time than with the concrete 
words that were more usual in free association. This was 
stressed more than a decade later by the pupils of Kulpe and 
Ach. 

The second of the classical fields that Cattell worked in was 
psychophysics. The most important of his studies in the topic 
was an investigation with G. S. Fullerton, professor of philo- 
sophy at Pennsylvania, of "The Perception of Small Differ- 
ences," published in 1892. This differed from earlier work 
in the field of Weber's Law both in the methods used and in 
the formulation of the results, and applied a modification of 
the method of average error. The main advantage was that 
each resjxmse gave a usable value. When the time permitted 
for the response was controlled the measurements were superior 
to those of other methods. The most important result of the 
investigation was to indicate that accuracy of perceiving dif- 
ferences varied not directly with the absolute intensity, as 
Fechner had found, but more nearly as the square root of the 
intensity. Woodworth, after a survey of a large number of 
investigations by different authors, asserts that the results 
indicate a range between Weber's Law and the Cattell-Fullerton 
Law of the square root. Results for some men in certain senses 
are nearer the Weber formula, some nearer the Weber-Fechner 
formula. The study showed Cattell's wide interest and original- 
ity in a standard field of investigation. 
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The most immediate influence of the period at Cambridge 
with Galton was an interest in individual differences and means 
of measuring human capacities. Most directly an outcome of 
this interest was the study with Farrand : "Physical and Mental 
Measurements of Columbia University Students" in 1896. The 
work applied many known tests to 100 students. It was 
avowedly a preliminary exploratory investigation. It argued 
for the accumulation of more data and the desirability and 
feasibility of measuring individuals in useful ways. It did not 
receive the general application of Binet's work done ten years 
later because it did not hit upon a simple way of establishing a 
scale as Binet did in his age scale or as Cattell did later in his 
establishment of relative position. This and other more general 
articles by Cattell in the Educational Review and in Mind, 
however, did lead to a series of tests made at the St. Louis 
Exposition and to many researches in different laboratories in 
this country and abroad. They initiated an interest in tests. 

CattelFs discussions of the problems of university adminis- 
tration were always acute, not to say provocative. His volume 
"University Control, 1913," and his many articles in Science 
kept the problem in the limelight for university men. He was 
very active in the formation of the Association of University 
Professors, which has been a great force in improving the status 
and tenure of the professor. The thesis that he advanced early 
and firmly maintained, that the professor should have an effec- 
tive voice in all university administration, has been 'widely ac- 
cepted in the university world since he began his campaign. 
A considerable part of the change must certainly be ascribed 
to his efforts. 

For more than a half century Cattell held a unique position 
in psychology and in the editorial work of science in general. 
For a score of years at the turn of the century he was a force 
in the organization of laboratory and teaching work in his own 
science. More students were trained to the doctorate at Colum- 
bia than at any other institution during that time. Through his 
publications and their relation to scientific and educational 
societies he did much in the same period to improve the morale 
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of scientists in investigation and in teaching. His personal 
standing was made evident by his selection as president of the 
International Congress of Psychology in 1929, more than ten 
years after he had ceased to be connected with an educational 
institution. 

Cattell was more concerned with method in psychology than 
with theory. He desired first of all to establish facts and to 
adopt methods that insured accuracy. He leaned to objective 
statement before behaviorism came into vogue, but did not 
specifically accept the latter doctrine when it was proposed, nor 
ally himself with that or any other school. He always opposed 
limiting the selection of facts to fit any theoretical presupposi- 
tion. 

Personally he was always classed as a fighter. Wells suggests 
that it was appropriate that his home was on Mt. Defiance. 
While it is true that he never hesitated to uphold his views 
against any opposition, and the more intrenched the opposition, 
the more delight he took in controverting it, he was essentially 
a kindly man. He always gave encouragement to younger col- 
leagues and was essentially fair in all his relations. He seldom 
used the lecture method, preferring the informal discussions of 
the seminar. He always won the respect and affection of his 
students and held it throughout their careers. The impress .he 
left upon his students as well as his own contributions gave him 
a very high standing among psychologists. 

Dr. Cattell died on January 20, 1944. 
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KEY TO ABBREVIATIONS USED IN BIBLIOGRAPHY 

Amer. J. Psychol. = American Journal of Psychology 

Ann. Amer. Acad. Pol. and Soc. Sci. = Annals, American Academy of 

Political and Social Science 
Educ. Rev. = Educational Review 
J. Cons. Psychol. = Journal of Consulting Psychology 
J. Phil. Psychol. = Journal of Philosophy, Psychology and Scientific 

Methods 

Mem. Nat. Acad. Sci. = Memoirs, National Academy of Sciences 
New Rev. = New Review 
Phil. Rev. = Philosophical Review 
Phil. Stud. = Philosophische Studien 
Pop. Sci. Mo. = Popular Science Monthly 
Proc. Amer. Assoc. Adv. Sci. = Proceedings, American Association for 

the Advancement of Science 
Proc. Amer. Psychol. Assoc. = Proceedings, American Psychological 

Association 
Proc. Nat. Cong. Race Betterment = Proceedings, National Congress 

for Race Betterment 
Psychol. Rev. = Psychological Review 
Publ. Univ. Pa. = Publications, University of Pennsylvania 
Sci. Mo. = Scientific Monthly 

PARTIAL LIST OF PUBLICATIONS BY J. McKEEN CATTELL 

1885 

Ueber die Zeit der Erkennung und Benennung von Schriftzeichen, Bilderti 

und Farben. Phil. Stud., 2, 635-650. 
Ueber die Tragheit der Netzhaut und des Sehcentrums. Phil. Stud. 3, 

94-127. 

The inertia of the eye and brain. Brain, 8, 295-312. 

The influence of the intensity of the stimulation on the length of the re- 
action time. Brain, 9, 512-51$. 

1886 

The time it takes to see and name objects. Mind, n, 63-65. 
Psychometrische Untersuchungen. Phil. Stud. 3, 1-72, 305-335, 452-492. 
The time taken up by cerebral operations. Mind, u, 220-242, 377-392, 
524-538. 

1887 

Experiments on the association of ideas. Mind, 12, 68-74. 

The time it takes to think. Nineteenth Century, 22, 827-830. 

Ladd's Elements of Physiological Psychology. Mind, 12, 583-589. 
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1888 

The psychological laboratory at Leipzig. Mind, 13, 37-51. 
Recent books on physiological psychology. Brain, n, 263-266. 
Psychometrische Untersuchungen. Die Association unter willkurlich 
begrenzten Bedingungen. Phil. Stud. 4, 241-250. 

1889 

(With S. Bryant) Mental association investigated by experiment. Mind, 
14, 230-250. 

1890 

Mental tests and measurements. Mind, 15, 373-381. 
Psychology at the University of Pennsylvania. Amer. J. Psychol., 3, 
281-283. 

1891 

On the origin of music. Mind, 16, 386-388. 

1892 

(With G. S. Fullerton) On the perception of small differences with 
special reference to the extent, force and time of movement. Publ. 
Univ. Pa., Pp. 189. 

1892-1893 

Contributions from the psychological laboratory of Columbia University. 
Proc. Amer. Psychol. Assoc., 1892, 3-4; 1893, 26-27. 

1893 
Errors of observation in physics and psychology. Amer. J. Psychol., 5, 

285-293- 

Tests of the senses and faculties. Educ. Rev., 5, 257-265. 
Mental measurement Phil Rev., 2, 316-332. 
Atifmerksamkeit tmd Reaction. Phil. Stud., 8, 403-406. 
The progress of psychology. Pop. Sci Mo. ? 43, 77Q-78& 

1894 

Chronoskop und Chronograph. Phil. Stud., 9, 307-310. 
Contributions from the psychological laboratory of Columbia University. 

(Abstract of Paper read) Proc. Amer. Psychol. Assoc., 26-27. 
(With C. S. Dolley) On reaction times and the velocity of the nervous 

impulse. Psychol. Rev., I, 159-168. 



The spectrum top. Science, 2, 13. 

The sense of equilibrium. Science, 2, 99-100. 

Measurements of the accuracy of recollection. Science, 2, 761-766. 
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Mr. Spencer on tactual perception and 'natural selection'. Science, 2, 

852-853- 
On the distribution of exceptional ability, (abstract) Psychol. Rev., 2, 

155-156. 

Review of recent literature on reaction-time. Psychol. Rev., 2, 200-209. 
The rise of psychological teaching. New Rev., 1895. 

1896 

(With L. Farrand) Physical and mental measurements of the students 
of Columbia University. Psychol. Rev., 3, 618-647. 

Address of the President before the American Psychological Association, 
1895. Psychol. Rev., 3, 134-148. 

Review of recent literature on evolution. Psychol. Rev., 3, 437-443. 

(With C. S. Dolley) On reaction times and the velocity of the nervous 
impulse. Mem. Nat. Acad. ScL, 7, 393-415. 

189:7 

The perception of light. System of Diseases of the Eye, by American, 
British, Dutch, French, German and Spanish authors. Edited by 
Wm. F. Norris and Charles A. Oliver. Philadelphia; Lippincott, 
1897-1898. 

(With J. LeConte) Professor Cattell's review of 'Sight'. Science, 6, 
737-739- 

(With L. Farrand and J. M. Baldwin) Notes on reaction-times. Psychol. 
Rev., 4, 297-299. 

Reaction types. Psychol. Rev., 4, 298-299. 

1898 

The biological problems of today: psychology. Science, 7, 152-154. 

The advance of psychology. (Address of the Vice-President for An- 
thropology of the American Association for the Advancement of 
Science) Proc. Amer. Assoc. Adv. Sci., 47, 3-15. 

The reaction-time of counting. Psychol. Rev., 5, 70-71. 

(With J. Jastrow and J. M. Baldwin) Physical and mental tests. Psy- 
chol. Rev., 5, 172-179. 

Professor Munsterberg on 'the danger from experimental psychology*. 
Psychol. Rev., 5, 411-413. 

The psychological laboratory. Psychol, Rev., 5, 655-658. 

1899 

The international catalogue of scientific literature: report from Columbia 

University. Science, 10, 165. 
(With J. M. Baldwin) The schedule for psychology of the international 

catalogue. Science, 10, 297-298. 
Methods for a card index. Science, 10, 419-420. 

12 
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Relation of space and time in vision. Proc. Amer. Assoc. Adv. Sci. 

(1898), 48, 95- 
The time of perception as a measure of the intensity of light, ibid. (1898), 

48, 95. 
New anthroponietric methods, ibid., 48, 95. 

1900 

On relations of time and space in vision. PsychoL Rev., 7, 325-343. 
Vision with the moving eye. PsychoL Rev., 7, 507-508. 
Scientific societies and associations: monographs on education in the 
United States. Dept. Educ. Commission to Paris Exposition, 3-27. 

1901 

The American Association for the Advancement of Science. Science, 13, 

961-969. 
The visual perception of space. Science, 14, 263-266. 

1902 

The time of perception as a measure of the differences in perception. 

Phil. Stud., 19, 63-68. 

Concerning the American University. Pop. Sci. Mo., 61, 170-182. 
The Carnegie Institution. Science, 16, 460-469. 
The Academy of Science. (Address of President of the N. Y. Academy 

of Sciences). Science, 16, 954-974, 

1903 
Homo Scientificus Americanus (Address of the President of the American 

Society of Naturalists.) Science, 17, 561-570. 
A statistical sttidy of eminent men. Pop. Sci. Mo., 42, 35P-377- 
Statistics of American psychologists. Amer. J. PsychoL, 14, 310-328, 
574-592. 

1904 

The conceptions and methods of psychology. Pop. Sci. Mo., 46, 176-186. 
The limitations of minor logic. J. Phil. PsychoL, i, 45-46. 

1905 
Examinations, grades, and credits. Pop. Sci. Mo., 66, 367-378. 

1906 

(With J. Cattell) American Men of Science, New York: Science Press, 

1906. (6th ed, 1938). 
University Control. Science, 23, 475-477* 
A statistical study of American men of science, the selection of a group 

of one thousand scientific men. Science, 24, 658-665, 699-707, 732-742- 

13 
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1907 

The American college. Science, 26, 369-373. 

1908 

Reactions and perception. In Essays philosophical and psychological in 
honor of William James. New York : Longmans, Green, Pp. 569-584. 

1909-1911 

The Carnegie Foundation for the Advancement of Teaching. Science, 29, 
1909, 532-539; 1911, 33, 334-336. 

1909 

The school and the family. Pop. Sci. Mo., 74, 84-95. 

The length of service pensions of the Carnegie Foundation. Science, 31, 

384-386. 

The case of Harvard College. Pop. Sci. Mo., 77, 604-614. 
A further statistical study of American men of science. Science, 32, 

633-648, 672-688. , 

1911 

Doctorates conferred by American universities. Science, 34, 193-202. 

1912 

Science and international good will. Pop. Sci. Mo., 80, 405-411. 

1913 

A program of radical democracy. Pop. Sci. Mo., 80, 606-615. 
University control. New York, Science Press, Pp. viii+484. 
The causes of the declining birth rate. Proc. Nat. Cong. Race Better- 
ment, 6. 

1914 

Science, education and democracy. (Address of Vice-President for Edu- 
cation of the American Association for the Advancement of Science.) 
Science, 39, 443-454- 

Democracy in university administration. Science, 40, 491-496. 

Research and teaching in the university. Science, 40, 628-630. 

1915 
Families of American men of science. Pop. Sci. Mo., 86, 504-515. 

1917 

Our psychological association and research. Science, 45, 275-284. 
Families of American men of science. Sci. Mo., 4, 248-262; 5, 368-378. 

1921 
Practical psychology. Science, 53, 30-35. 

14 
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1922 

The organization of scientific men. Sci. Mo., 14, 567-577. 
The order of scientific merit Science, 56, 541-547. 

1923 

The psychological corporation. In Psychology in Business, pp. 45-59. 
Also in Ann. Amer. Acad. Pol. and Soc. Sci., no. 

1924 
The interpretation of intelligence tests. Sci. Mo., 18, 508-516. 

1926 

Some psychological experiments. (Address of the President of the 
American Association for the Advancement of Science.) Science, 
66, 1-8. 

Scientific research in the United States. Science, 63, 188. 

Psychological methods to promote highway safety. Sci. Mo., 22, 301-308. 

The scientific men of the world. Sci. Mo., 23, 468-471. 

The journal "Science" and the American Association for the Advancement 
of Science. Science, 63, 342-347. 

1927 

Science, the declaration and democracy. Sex. Mo., 24, 200-205. 
Contributions that have been made by psychology to engineering. Sci. 

Mo., 24, 324-328. 
Distribution of American men of science in 1927. In American Men of 

Science ed. by J. M. Cattell and J. Cattell. New York: Science Press. 

Pp. 1118-1129. 
Contributions that have been made by pure science to the advancement of 

engineering and industry; psychology. Sci. Mo., 24, 324-328. 
The origin and distribution of scientific men. Science, 66, 513-516. 

1928 

The scientific men of Harvard and Columbia. Science, 67, 136-138. 

Early psychological laboratories. Science, 67, 543-548. Also Appendix C 
of Feelings and emotions; the Wittenberg symposium, ed. by 
C. Murchison. Worcester, Mass.: Clark Univ. Press; London Ox- 
ford Univ. Press. Pp. 427-433. 

1929-1930 

Psychology in America. (Address of President of the Ninth International 
Congress of Psychology.) Science, 1929, 70, 335-347- Also in Sci. 
Mo., 1930, 3, 114-126. 
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1930 
The usefulness of science. Science, 1930, 72, 284-287. 

1933 

The distribution of American men of science in 1932. Science, 77, 264-270. 
The need of opportunity for exceptional ability. Science, 77, 491-492. 

1934 

The scientific approach to emotional problems. Sci. Mo., 31, 536-539. 
Retrospect: psychology as a profession. J. Cons. Psychol., i, 1-3. 

1937 
University presidents who have been psychologists. Sci. Mo., 45, 473-477. 

1943 

The founding of the Association and of the Hopkins and Clark laboratories. 

Psychol. Rev., 50, 61-64. 

(The titles are taken from Murchison: The Psychological Register, 
2nd Ed. and Psychological Abstracts.) 



16 




/ 



NATIONAL ACADEMY OF SCIENCES 

OF THE UNITED STATES OP AMERICA 
BIOGRAPHICAL MEMOIRS 

VOLUME XXV SECOND MEMOIR 



AUTOBIOGRAPHICAL MEMOIR 

OF 

HENRY SEELY WHITE 

1861-1943 

FOREWORD BY 

ARTHUR B. COBLE 



PRESENTED TO THE ACADEMY AT THE ANNUAL MEETING, 1946 



HENRY SEELY WHITE 
1861-1943 

FOREWORD 

Henry Seely White was one of perhaps a dozen men who 
furnished the inspiration and set the pattern for the develop- 
ment of the present school of American mathematics. His most 
important personal contribution to this movement was the estab- 
lishment of the Colloquium Publications of the American Mathe- 
matical Society, now in its twenty-eighth volume. A detailed 
account of his services and of his contributions to mathematics 
has appeared in Raymond Clare Archibald's Semi-centennial 
History of the American Mathematical Society in which forty 
references to Professor White's activities appear. 

Professor White was born May 20, 1861, was elected to 
membership in the National Academy of Sciences in 1915* and 
died May 20, 1943. 

He had deposited in the archives of the National Academy 
of Sciences a manuscript autobiography. This charmingly 
modest account of the way of life of a scholar and gentleman 
of his period is reproduced here with the exception of some 
references to details of his own work. It is a valuable supple- 
ment to more formal histories. Mathematicians particularly 
will be interested in the picture it presents both of Professor 
White's personality and of the time in which he lived. 

ARTHUR B. COBLE. 



A brief account of the life of 

HENRY SEELY WHITE 

written by himself (1942) for the records of the 
National Academy of Sciences 

My father was Aaron White (1824-97) of Paris and 
Cazenovia, N. Y., who traced his ancestry to Elder John White 
and his eldest son Nathaniel, early settlers of Cambridge 
(Newtown) Mass.. later founders of Hartford and Middletown, 
Conn. Aaron was born at Paris, N. Y., the third of six sons 
of Roderick White and Lucy Blakeslee. Following the example 
of his next older brother, Moses Clark White (1819-1900), at 
the age of 23 he left home and studied at Cazenovia (N. Y.) 
Seminary and Wesleyan University, Middletown, Conn., gradu- 
ating with the A. B. degree in 1852. From that date he was 
a teacher of mathematics, sometimes of physics, mostly at 
Cazenovia Seminary. There he married in 1859 Isadore Maria 
Haight (1835-1905), a daughter of William Henry Haight and 
Cornelia Gushing. 

This discloses in my line of descent Enos Gushing, who 
migrated from Hingham, Mass., and was one of the first settlers 
in Fenner, Madison Co., N. Y. He lived a long and useful 
life as land surveyor. Cornelia was one of his four daughters, 
all of whom lived and died near their birthplace. One of his 
grandsons, Frank Gushing, attained a reputation as a student of 
the customs and traditions of the Zuni Indians, and a research 
member of the Smithsonian Institution. 

On my father's side, three brothers went into carpentry, 
building, and architecture; the other brother died in childhood. 
Moses Clark, his next older brother, became a physician, mis- 
sionary to China, and Professor of Pathology and Microscopy 
at Yale University. Of another brother, Joseph, the eldest son, 
Andrew Curtis White (1854-1936), graduated at Hamilton 
College, 1881, and became Instructor in Greek and Assistant 
Librarian at Cornell University, where he attained the Ph.D. 
degree in 1888. The five sisters of Aaron White married 
farmers, some of them teaching in the public schools for a time. 
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My own two sisters, Cornelia Gushing and Lucy Blakeslee 
White, were graduated from Cazenovia Seminary; Lucy also 
from Wellesley College (1891). Cornelia became a librarian, 
for a time at the Crerar Library, Chicago, and later at Cazenovia 
Seminary, where, until her death (at age 70), she was also 
Alumni Secretary. Lucy married Charles Burton Thwing, 
Ph.D., a physicist, who taught successively at Northwestern 
University, the University of Wisconsin, Knox College, and 
Syracuse University, and became finally a manufacturer, chiefly 
of pyrometers, at Philadelphia, Pa. 

Milage life was mostly free from excitement, so that school 
was the chief interest of my early days. Until I entered college, 
at seventeen, we lived in Cazenovia, Sanquoit, and Canastota, 
all villages of fewer than 1500 inhabitants. I had begun to read 
at three, and studied the names on a large Civil War map that 
hung in the dining room. With improving memory, I learned 
Bible lessons for Sunday School, and took part in reading 
aloud a Scripture lesson at daily morning prayers. In my 
father's private academy at Sanquoit from '65 to '69, and in 
district school later, arithmetic was my main interest. There 
also I began algebra under my father's instruction; this was 
good fortune, for few students have contact with a first class 
mathematical mind at that early stage. He taught "Natural 
Philosophy" also, with a fair supply of apparatus, demanding 
a fair written account of every experiment. At home he let 
me help a little in preparing specimens for the compound micro- 
scope, and introduced me also to rocks and fossils which 
abounded in those regions. Latin I began at 13, Greek at 14, 
German at 14. At 17 I had finished preparing for college, 
having enjoyed the last two years under excellent teachers at 
Cazenovia Seminar}'. I doubt whether there was in my second- 
ary school a more efficient teacher of Greek and Latin, for 
syntax, vocabulary, and memory drill, than Isaac N. Clements, 
A. M. From college (Wesleyan University) he had gone 
direct to the army in the Civil War, returned with one wooden 
leg, and devoted all his active years to teaching. A kindly, 
sardonic humor and a fine English style made his work doubly 
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effective. Geometry proved easy and fascinating for me, and 
in my first year at the Seminary I was successful in the final 
examination for the Watkins prize in that subject. Learning 
the use of ordinary drawing tools from my father, I spent my 
leisure hours in vacation in following out the advanced con- 
structions and problems in the old Young's Geometry, with 
special interest in regular polygons and polyhedra. 

I should have mentioned that my father's good judgment 
had taken me out of school for half of my fourteenth year, 
setting me to work at carpentry under the tuition of my uncle 
Frederick S. White, who contracted for and superintended the 
construction of a large barn near my home in Canastota. I am 
confident that this manual training was of value, strengthening 
my intuition of geometric forms in three-fold space. In other 
summer vacations, up to the end of my undergraduate course, 
I worked at all kinds of farm labor on the lakeside farm of my 
grandfather, Wm. H. Haight, a short distance north of 
Cazenovia. 

At seventeen I entered Wesleyan University, Middletown, 
Conn., as a freshman, following my father at the interval of 
thirty years. Greek and Latin were required for two years, 
also mathematics, which I elected for the last two. Elementary 
courses were required in physics, chemistry, geology, physiology, 
and astronomy, to which I added qualitative analysis under 
Atwater, physics with M. B. Crawford, and practical astronomy 
with Van Vleck, all teachers of wide learning and experience. 
I had the good fortune to learn something of Van Vleck's work 
in preparing the tables of the moon's position for the American 
Nautical Almanac, thus getting some idea of systematic com- 
putation. In the first two years I competed successfully for 
two mathematics prizes and one in Latin. In Greek I was less 
fortunate. 

Our tutor in psychology and logic was John P. Gordy, later 
professor in Ohio State University and in New York University. 
He directed my reading toward Hamilton, Berkeley, Mill, and 
Spencer, giving me special honors at graduation in philosophy, 
and a junior year prize in logic, also half of the ethics prize in 
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senior year. This study of course coordinated well with mathe- 
matics, in which Van Vleck gave me a start in quaternions as 
extra work, and special honors at graduation. My average 
rank in the whole course was just sufficient for first honor in 
general scholarship, a rank shared with three others in our class 
of twenty-seven. 

The faculty kindly appointed me Assistant in Astronomy and 
Physics for my first year of graduate study, with a small 
stipend. I joined undergraduate groups in conic sections and 
in Hume's philosophy, assisted in preparations for observing 
the transit of Venus (1882), operated the 1 2-inch equatorial 
for undergraduates, and took series of observations for latitude 
with the meridian transit instrument. Also I assisted my father 
in collecting scientific notes for the Northern Christian Advocate 
(Syracuse). For mathematical reading I began the Theory of 
Equations (Burnside and Panton) and Muir's book on Determi- 
nants. Under Van Vleck's supervision, with a circle of seniors, 
I read part of Gauss's Theoria Motus Corporum Coelestium. 

This busy and profitable year was broken up in the last 
three months by teaching, as substitute for my classmate George 
Prentice, ill health compelling him to resign the professorship 
of mathematics at Hamline University, St. Paul, Minn. 

During the year 1883-4 I taught mathematics and chemistry, 
with short courses in physics and geology, at a secondary school, 
Centenary Collegiate Institute, at Hackettstown, N. J. This 
gave me valuable pedagogic training under a veteran principal, 
Rev. Geo. H. Whitney. To his recommendation I owe, in some 
measure, my appointment for the following three years (1884-7) 
as Tutor in Mathematics and Registrar at Wesleyan University, 
my Alma Mater. My duties included class room teaching and 
field practice in land surveying. In the scant leisure time I 
continued my latitude observations and some computation work 
with Van Vleck. During one summer vacation, 1884, I made 
the decennial "charter survey" and map for the village of 
Manlius, N. Y., and thought hopefully of the surveyor's pro- 
fession. But the advice of my close friend Wm. J. James and 
of Professors Van Vleck and Crawford roused my ambition 
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for advanced study of elliptic functions, using the book of 
Durege, and a visiting f raulein gave me conversation lessons in 
German (1886-7). 

My first intention had been to study mathematics in the Uni- 
versity of Leipzig, where Sophus Lie was then developing his 
Gruppentheorie, and E. Study was lecturing on algebra. But 
after one summer there, devoted principally to language prac- 
tice and grammar with a law student from Braunschweig, I 
shifted to Gottingen, enjoying a foot tour through the Harz 
Mountains on the way. This I did again under the advice of 
William J. James (later Instructor in Mathematics and for many 
years Librarian and Assistant Treasurer at Wesleyan Uni- 
versity), who had already studied four years under Felix Klein 
at Leipzig and Kronecker and Fuchs at Berlin. He held up 
Klein as not only a leading research mathematician but also as 
a magazine of driving power, whose students received personal 
attention and stimulus, and in most cases became themselves pro- 
ductive investigators. This was valuable advice. Klein re- 
ceived me kindly and admitted me to his seminar course, then 
just beginning, in Abelian Functions. Other Americans work- 
ing with him at the time were Haskell, H. D. Thompson, 
H. W. Tyler, Osgood of Harvard, and a year later Maxime 
Bocher, all friendly and helpful to the less experienced neophyte. 
Bolza, Maschke, and F. N. Cole, all whose names are now 
classic in American mathematics, had left the year before. 
Klein expected hard work, and soon had in succession Haskell, 
Tyler, Osgood, and myself working up the official Heft or 
record of his lectures, always kept for reference in the mathe- 
matical Lesezimmer. This gave the fortunate student extra 
tuition, since what Klein gave in one day's lecture (two hours) 
must be edited and elaborated and submitted for Klein's own 
correction and revision within 48 hours. 

Within six months we were each set to work on special topics 
and reading related papers, all in close connection with the 
seminar and lecturing on our findings before the whole seminar 
group. After my second year, results proving plentiful, Klein 
set me to formulation for publication and to reviewing for ex- 
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animation. He kindly published in the Mathematische Annalen 
a condensed account of my problem and chief results (vol. 36), 
and later procured the insertion of my Thesis in extenso in the 
Nova Acta (vol. 57) of the Leopold-Karoline Academy of 
Sciences at Halle. 

Meantime I had followed lectures by H. A. Schwartz, his 
regular course on function-theory ; by Schonflies on projective 
geometry and curve-theory; by Georg Elias Miiller on psy- 
chology and natur philosophic, and Baumann on history of 
philosophy. Miiller used me also for a subject in his new 
psychological laboratory, and helped me with a seminar lecture 
on Hume's "Untersuchungen uber den menschlichen Urstand" 
(a translation). But equal profit also accrued from my daily 
study of Clebsch's Vorlesungen iiber Geometric (by Linde- 
mann) , and Reye's Geometric der Lage. Those both contributed 
a secure background to the university lectures. The biweekly 
sessions of the Mathematische Gesellschaft also were open to 
us. Kant's Kritik der Reinen Vernunft of course was pre- 
scribed reading, and in this I had the good fortune to combine 
with the late John C. Schwab, later Professor and Librarian at 
Yale, who was preparing for his degree in economics. 

My examination came early in March, 1890, with Klein and 
Miiller as chief examiners. Psychology was my second depart- 
ment. The Pedell, conveying keyhole information, calmed my 
apprehensions by citing the advocacy of those two good friends, 
and I suppressed as useless the regrets over the more brilliant 
success that I might have secured by more extended coaching. 
To the training and encouragement of Felix Klein and G. E. 
Miiller I owe a large part of my good fortune in attaining both 
desirable teaching positions thereafter, and the "equanimity" 
(Sir Wm. Osier's name for it) and intellectual satisfactions that 
accrued in my long experience as teacher and investigator. 
Many American students can testify similarly of their indebted- 
ness to Klein ; not so many to Miiller's influence, since psychol- 
ogy had in those years fewer devotees. Yet he was a worthy 
successor to Lotze and Herbart, and produced work of peftna- 
nent effect in renovating his chosen science. 

23 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXV 

Returning home in March, 1890, I took for the spring 
quarter a temporary position in the preparatory department of 
Northwestern University at Evanston, 111., secured for me by 
my friend and classmate Joseph R. Taylor, who taught Greek in 
the same school. (He afterwards filled for more than forty 
years a professorate at Boston University). 

Clark University was opening in that year its career, full of 
high aims and hope, at Worcester, Mass. Its president, Dr. 
G. Stanley Hall, had spent the previous year visiting universities 
and scholars in Europe, and looking up available men for his 
institution. Klein had introduced me and given some flattering 
testimonials, and Dr. Hall offered me now a place as Assistant in 
Pure Mathematics under Prof. Wm. E. Story, with Henry Tabor 
and Oskar Bolza as colleagues. Though the salary was hardly 
adequate for subsistence, I accepted it eagerly in spite of kind 
offers from Evanston and Middletown. My teaching was 
mainly algebraic and projective geometry, and the invariant- 
theory of linear transformations. 

In 1891 I refused an invitation to do similar work at Johns 
Hopkins University, but in 1892 accepted an associate professor- 
ship at Northwestern. The inducements were, first a better 
salary with assured permanency, and second, proximity to the 
new University of Chicago and my highly valued friend E. 
Hastings ^Moore, its new Head Professor of Mathematics. He 
indeed tried to bring me into his department but could not 
secure sufficient appropriation. For my labors at Clark I had 
secured two short papers that were accepted by the American 
Journal of Mathematics, and a considerable number of new 
friends among our ambitious younger mathematicians. Some 
few new problems, too, I had begun to formulate. In particu- 
lar, in the seminar of Professor Wm. E. Story we had discussed 
the epoch making paper of David Hilbert of Konigsberg (later 
Gottingen) on Algebraic Forms, embodying the theorem never 
before enunciated in so general form, that every given sequence, 
finite or infinite, of algebraic forms in any domain of rationality 
must have a finite number of such forms constituting a "Basis" 
in terms of which all the rest are linearly expressible with entire 
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algebraic forms as coefficients. Gordan's proof of the finiteness 
of the form-system of covariants of any set of binary ground 
forms was subsumed as a primary corollary. Along with this, 
Story presented the enumerative work of Sylvester and Frank- 
lin on the same (binary) subject. This was fundamental and 
fruitful. 

The new president of Northwestern University, Henry Wade 
Rogers, had called a number of younger scholars to important 
chairs, all of about the same age, men with the Ph.D. degree, 
trained at Johns Hopkins or Harvard or in German universities ; 
and the "atmosphere" was favorable to research and writing. 
Most of the older professors were of similar fiber, and the 
college enjoyed an era of marked growth. 

My second year in Evanston, 1893-4, was memorable for the 
Columbia World's Fair, held at Jackson Park on the lake shore 
at the southern end of Chicago; and for the so called "Con- 
gresses" held in connection with it, mostly, at the Fine Arts 
Building on the lake front at Randolph Street. I served on 
the committee for the Congress of Mathematics, along with the 
three professors from the University of Chicago : Moore, Bolza, 
and Maschke. Professor Felix Klein was deputed by imperial 
authority to accompany the German exhibit of mathematical 
books, photographs and apparatus, and he graciously accepted 
the hospitality of my wife and myself, commuting daily by rail- 
road to the city, 12 miles. A Ml account of this Congress and 
the participants was published by the Macmillan Company for 
the Mathematical Society. Klein gave in the following two 
weeks twelve lectures, chiefly on the topics covered in his 
courses at Leipzig and Gottingen. It had been planned that 
these should be given for one week at the University of Chicago, 
and one week at Northwestern University. But poor drains 
and wet weather had flooded the campus at Chicago and all were 
transferred to Evanston. The University furnished auditorium 
and reference library and opened a dormitory on the campus 
for the convenience of listeners. Professor Alexander Ziwet of 
Michigan kept a full report, which with Klein's emendations 
was published under the title "The Evanston Colloquium/' and 
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achieved wide circulation. A French translation also had a 
large sale. The whole series, with the Congress and the ex- 
hibits at the Fair, gave a strong stimulus to mathematical re- 
search and reading in this country. 

In the comparative leisure of the following year, '93-^94, I 
worked out a theme and a paper for the American Journal of 
Mathematics, for Semi-combinants and Affiliants (this latter 
term a new one). . . . 

In the next ten years I worked out some problems of minor 
interest, connected with plane cubic curves, elliptic functions, 
and apolarity. Extending the Euler polyhedron theorem to sur- 
faces of positive deficiency, I tabulated regular systems of di- 
visions upon them, admitting of course curved lines as boundar- 
ies. These were based on existence theorems due to Riemann, 
concerning canonical "Querschnittsystems." The distinction of 
primitive and derivative systems proved interesting, and I made 
models, with the help of Professor O. H. Basquin, of all regular 
sets of divisions upon surfaces of low deficiency. Of my inter- 
est in the American Mathematical Society there is a fairly full 
account in the history, by Professor R. C. Archibald, of the 
first fifty years of that Society. Chiefly useful was the scheme 
for holding frequently a colloquium, or week of advanced lec- 
tures on special theories, in connection with summer meetings 
of that Society. The first was held in '96 and I was asked to 
conduct a course in 1903, this was published as part of "The 
Boston Colloquium," by the American Mathematical Society, the 
first of an extensive series. Osgood, Bolza, Bocher, Pierpont, 
and Webster, by their generous labors, gave this Colloquium 
series a high standing at the start and made it a valuable feature 
of American mathematics. 

Becoming interested in the work of Picard and Poincare on 
integrals upon algebraic surfaces, an extension of Riemann's 
work on Abelian Functions to functions of two independent 
variables, I secured leave of absence for a half-year's study in 
Europe, Feb.-Aug. 1901, With this I combined the plan of 
writing an introductory book on Plane Cubic Curves, a long 
task which was not completed until 1925. By Klein's advice, 
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I went to Turin and listened to part of a course by Professor 
Corrado Segre upon Algebraic Surfaces, treated by synthetic 
geometric methods. This required a hasty acquisition of some 
slight speaking knowledge of Italian, a valuable addition to my 
range. In Turin also I enjoyed a slight acquaintance with 
D'Ovideo, Peano, and Severi. After the close of the summer 
semester there, I spent the balance of my free period in Gottin- 
gen, busied principally with my manuscript on Cubics. Return- 
ing via Liverpool and Boston, I saw for the first time a few 
points in England, a brief glimpse of London and Cambridge, 
with a bicycle tour through Oxford, Stratford, Nantwich, and 
Chester (with Hawarden). This was the third such tour I had 
enjoyed, bicycles being then at the acme of their popularity 
before the advent of automobiles. The first two were shared 
with my friend E. H. Moore, one from Michigan City via 
Indianapolis, Brookville, Cincinnati to Columbus (1899) an< l 
return via Marion, Lima, and South Bend ; the other from New 
York (1900) to Hudson, Great Barrington, Williamstown, 
Amherst, Worcester, Boston, Providence, and New Haven. 
Some few other trips I had made alone, far less pleasant and 
profitable. 

During the decade, 1890-1900, occurred my marriage to Mary 
Willard Gleason of Hartford, whom I had known in college days 
at Middletown, daughter of the banker Frederic Lathrop 
Gleasoe ; and the birth of my three daughters. The very effi- 
cient domestic and social ability of my wife, a musical and poetic 
genius, furnished stimulus and sheltered environment for my 
professional activities. Whatever we accomplished in this ideal 
partnership was due very largely to her ambition and manage- 
ment. 

In 1905, in order to be nearer the home of my mother, who 
was seriously ill, I accepted the offer of the headship of the 
mathematics department in Vassar College, under the presidency 
of Dr. James Monroe Taylor. This availed little, so far as my 
mother was concerned, for she died during that summer, before 
we had settled in Poughkeepsie. Besides the usual under- 
graduate courses we conducted advanced courses and research 
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with a few graduates who were attracted by endowed fellow- 
ships. After a. few years, however, the trustees altered the 
conditions, believing it more profitable for graduate students to 
pursue such studies in larger groups at some of the larger in- 
stitutions which were then in process of evolution. Our small 
departmental staff, however, cooperated effectively in promoting 
advanced reading and research. 

My chief interest, increasing for many years after 1910, was 
in so-called Triad Systems and their groups. This subject 
became of importance in the theory of substitution-groups on 
a finite number of elements, either 6n + * or 6n -f- 3> where n 
is an integer. Up to n == 2 there is only one way to arrange 
the triads (in a set of 3, 7, or 9, elements) ; but for 13 elements 
it was known that two different, dissimilar arrangements are 
possible. The definition prescribes namely that every possible 
pair of the given elements shall occur in one, and in no more 
than one, triad of the system. Two systems are considered 
duplicates when each can be derived from the other by simply 
re-naming the elements. Beyond this, Moore had proved that 
for all larger values of n there are at least two different triad 
systems, distinguished by non-conformable groups. . . . 

A geometrical application that proved to be important involved 
duality in three-space. Seven elements of a triad system being 
represented by points, the triads may naturally be pictured as 
planes, each determined by 3 points. Now 6 points determine 
a twisted cubic curve which contains them. If the seventh 
point of a set lies also on that curve, I found that the seven 
planes representing any triad system on those points will all 
osculate a second twisted cubic curve. This gives a theorem for 
7 points of a gauche cubic, analogous to the Pascal theorem for 
6 points of a plane quadric curve. But further, the two sets, 
points and planes, have the poristic property. With one degree 
of freedom, the 7 points may move along their cubic in such 
a way that the 7 planes continue to osculate their cubic curve. 
This gives us a link between two gauche cubics, quite similar 
to Poncelet's polygons connecting two conies in a plane. Coble 
(A. B.) gave an extensive theoretic treatment of this situation, 

28 



HENRY SEELY WHITE COBLE 

calling it the only important generalization of Poncelet's prob- 
lem. (See citations for both Coble and White in Archibald's 
History, I.e.). 

Other brief geometrical studies have been intended rather to 
fill gaps or to supplement the work of earlier writers than to 
open new lines of research. Thus Hurwitz's theorem on two 
tetrahedrons inscribed to one twisted cubic and circumscribed 
to another, was extended to two (n -f i)-gons inscribed to a 
norm-curve in n-space. A well known set of points in 3-space 
are the 8 points in which three independent quadric surfaces 
intersect; from any seven of them the eighth can have its co- 
ordinates calculated rationally. Though this was proven, the 
explicit formulae had not been given. The result of somewhat 
tedious labor revealed new relations. 

Curiously enough, while algebraic curves and surfaces have 
been staple objects of study, the degenerate forms, sets of planes 
or lines, have been neglected, beyond five lines in a plane or 
six planes in three-space. With Miss Cumming's cooperation 
I examined the divisions that could result from 6 or 7 real lines, 
or from 7 real planes. The methods were not less interesting 
than the results. More recently I have found special interest 
in skew hexagons and their close connection with the permuta- 
tions of six marks or symbols. The desideratum is, to find 
means of skeletonizing the picture, or substituting a framework 
for the less easily apprehended, fully explicit intuition. For 
example, in the case of polyhedral division of space by planes, 
faces of fewer than 5 sides can be ignored in the diagram ; i.e., 
only pentagons and hexagons need be studied with their con- 
nectivity. 

In 1933, at the age of 72, I was, nominally at least, relieved 
of part of my teaching obligations, being made Professor Emer- 
itus and Senior Lecturer. Three years later the latter title was 
withdrawn. Since that time I have been living on a small farm 
with the family of my youngest daughter, Mary White Perez, 
devoting some thought to gardening and apple culture, and to 
admiration of the noble range of the Catskill Mountains. 

What further work or experience I may have that will be 
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worth noting, I cannot foresee. A list of honors of various 
kinds that have fallen to me is given in Archibald's History, I.e. 
It omits the compliment of an assignment to write two articles 
for the Encyclopaedia Britannica. (1926). 

After my decease, if the custom of printing memorial biog- 
raphies is continued, I think some competent reporter or friend 
can extract and condense from this rambling narrative three or 
four pages which will suffice. 
April, 1942. 
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WILLIAM WALLACE CAMPBELL 
1862-1938 

BY W. H. WRIGHT 

William Wallace Campbell was born on a farm in Hancock 
County, Ohio, on April n, 1862. He was the son of Robert 
Wilson and Harriet Welsh Campbell. The Campbell family, of 
which Wallace was the youngest except for a son who died in 
infancy, consisted of three sons and three daughters, none of 
whom survived him. 

Robert Campbell was of Scotch descent. In 1745 or 1746, a 
time of great unrest in Scotland, some Campbells emigrated 
from there to County Down, Ireland. In 1785 seven brothers 
of one Campbell family sailed for America, and settled in West- 
ern Pennsylvania, probably Washington County. In 1838 James 
Campbell and his wife (Jane Wilson) moved from Pennsylvania 
to Hancock County, Ohio. Their third child, Robert Wilson, 
married Harriet Welsh, also from Western Pennsylvania. Har- 
riet had come with her family to Ohio in 1837, when she was a 
child of about eleven, and it is related that she walked most of 
the way. Robert Wilson Campbell and Harriet Welsh had seven 
children, of whom, as already has been said, William Wallace, 
or as he came to be called, Wallace, was the sixth. 

Robert Campbell died in 1866, and Wallace had no recollection 
whatever of his father. The mother had six children to rear, 
and did it successfully at the cost of very hard work. She 
appears to ktve been a person of exceptional inteDigence, though 
she had little opportunity to acquire a formal education. She 
is reported to have "done arithmetic in her head", that is to say, 
without recourse to pencil and paper, a circumstance which 
seems worth noting because her son had the faculty of carrying 
on calculations with a minimum recording of figures. He not 
uncommonly looked up two or more logarithms, added them 
mentally, took out and set down the product a feat which 
always excited wonder on the part of one who has no talent what- 
ever for arithmetical computation. Campbell's earlier scientific 
work was in computational astronomy, and it is hardly to be 
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doubted that his ease with numbers had much to do with his 
success in that field. 

Robert Campbell was an expert carpenter and cabinet maker, 
the quality of his workmanship being attested by furniture of 
his construction still in the possession of his son's family. While 
in his mental traits Wallace appears, in the opinions of those 
who knew him as a boy, to have favored his mother, there seems 
to be little room for doubt that he inherited substantially from 
both of his pioneer parents. 

As a child Wallace had to work very hard. "When he was 
quite little he had to do chores on the farm, and help hoe the 
vegetable garden/' In later years his wife voiced the suspicion 
that this may have been the cause of his total lack of interest in 
gardening : "He loved flowers if someone else would raise them/' 
Be that as it may, one can but assume that Campbell's early 
experience on the farm had much to do with the formation of 
that habit of industry which was so conspicuous a trait of his 
developed character. 

Wallace attended the local schools and was much indebted to 
one of his high-school teachers, a Miss Abbot, for sympathy and 
encouragement. She recognized his ability and urged him to 
attend a university of recognized standing, rather than one of 
the small colleges which are so plentiful in Ohio. After a year 
or two of school teaching he was able to act on this advice, and 
in 1882 he applied for admission to the University of Michigan 
as a student in civil engineering. Here he encountered difficulties 
deriving from the low standards of the schools he had attended, 
but the committee of the faculty having to do with such matters 
decided to give the boy a chance, and the University can hardly 
have had occasion to regret their action in admitting him. 

Campbell was graduated by the University of Michigan in 
1886, with the degree of Bachelor of Science, but it is here 
necessary to step back a little to record an incident of his under- 
graduate experience which decisively affected the course of his 
life. One day, during his third college year, while reading in 
the University library, he happened upon a copy of Simon New- 
comb's Popular Astronomy. His interest was so captured by the 
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opening paragraphs of the book that he read it through in two 
days and two nights. In later years he was accustomed to tell his 
friends that then and there he "discovered" astronomy and 
decided to make it his life's study. Under the guidance of 
Professor J. M. Schaeberle, who was in charge of the University 
observatory, he became a skillful observer, and after devoting 
a vacation period to the reading of Watson's Theoretical Astron- 
omy, he undertook with success the calculation of comet orbits. 
During his last year at the University he served as an assistant 
in the observatory. For two years after graduation, Campbell 
was Professor of Mathematics in the University of Colorado. 
While there he met Elizabeth Ballard Thompson, a student at 
the University, to whom he was afterward married. 

In 1888 Professor Schaeberle resigned his position at Ann 
Arbor in order to join the staff of the Lick Observatory, which 
opened for operation in the summer of that year. A vacancy 
was thus created in the department of astronomy at Michigan, 
and the University invited Campbell to come as instructor. This 
offer provided an opportunity for him to enter his chosen field, 
and at a very considerable financial sacrifice he accepted it. 
During the summer vacation of 1890 Campbell served as volun- 
tary assistant at the Lick Observatory, and helped Astronomer 
James E. Keeler in his spectroscopic observations. Shortly 
thereafter Keeler left Mount Hamilton to accept the director- 
ship of the Allegheny Observatory, and two young astronomers, 
Wallace Campbell and Henry Crew, were invited to come to the 
Lick Observatory to engage in spectroscopic work, Cr.ew left 
after a year's service, to become Professor of Physics at North- 
western University, while Campbell remained in charge of the 
spectroscopic work of the Lick Observatory. 

Campbell received his appointment on May 12, 1891. Inas- 
much as he was then entering upon the work for which he sub- 
sequently became distinguished, it seems appropriate to sketch 
briefly the state of astronomical spectroscopy at that time. The 
capital discovery by Kirchoff and Bunsen of the law of spectral 
absorption that bears" the former's name, which law provides the 
basis of spectroscopic analysis, had been made only 31 years 
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before. In the interim much valuable work, which, viewed 
through the frame of present knowledge may be described as 
largely of a qualitative character, had been accomplished, both in 
the spectroscopic analysis of the heavenly bodies and in the meas- 
urement of their velocities through the employment of the Dop- 
pler-Fizeau principle. It so happens, however, that the measure- 
ment of a photographic plate for either of the mentioned purposes 
must be accomplished with extraordinary accuracy, and, with 
the use of the stellar spectrographs of that day, the error of 
measurement was in the majority of cases of the order of the 
quantity sought. These comments are not to be regarded as 
generally applicable to spectroscopic procedures of the era of 
which we are speaking, but as relating particularly to astro- 
nomical spectroscopy where, because of the faintness of star- 
light, and of other circumstances of astronomical observation, a 
less degree of precision had been obtained than in general labora- 
tory practice. Faintness of a stellar spectrum usually necessi- 
tates a long photographic exposure, while the spectrograph, being 
attached to a moving telescope, is subject to disturbance by dif- 
ferential flexure at various stages of the exposure ; furthermore, 
the effects of changing temperature must be guarded against. 
Generally speaking, the instruments available fifty and more 
years ago served in measuring relatively large radial velocities, 
but were useful only in a limited way in the study of the 
velocities of the great majority of stars. 

An exception to the above restrictive comment should perhaps 
be made in the case of some visual observations made in 1890-91 
by Keeler, of the velocities of the more conspicuous nebulae 
whose spectra consist predominantly of emission lines. Keeler 
took advantage of the fact that the bright lines are not weakened 
by the employment of high dispersion, and was thus, in respect 
to this particular group of objects, able to make observations 
which conform to present standards of accuracy, but his pro- 
cedures were not applicable to the study of the vastly more 
numerous stars. He had in mind the construction of a spectro- 
graph to undertake the larger work, but was unable to realize 
his desire until after he moved to the Allegheny Observatory. 



WILLIAM WALLACE CAMPBELL WRIGHT 

It was in this investigation that Campbell had assisted Keeler 
during the period of his voluntary service at the Lick Observa- 
tory in the summer of 1890. Campbell's early association with 
Keeler cannot be regarded as other than fortunate both for him- 
self and for the Lick Observatory. 

It is convenient for the purpose of this biographical summary 
to divide Campbell's active association with the University of 
California into three periods. These are: first, the initial period 
of approximately ten years, 1891 to 1901, during which he held 
the position of astronomer in the Lick Observatory ; second, the 
interval 1901 to 1923, during which he was director of the 
Observatory; and third, 1923 to 1930, when he filled the offices 
of president of the University and director of the Observatory. 
There followed a fourth period, that of his retirement; this 
included his service as president of the National Academy of 
Sciences. 

During the first of these intervals he was extraordinarily 
active as an observer, and did the greater part of his observa- 
tional work. He had hardly settled himself in his new position 
at Mount Hamilton when a brilliant "new" star flashed in the 
heavens : Nova Aurigae of 1892. This was by far the brightest 
nova that had appeared since the employment of the spectro- 
scope in astronomical observation, and little was known of the 
nature of a nova spectrum. A new field was opened to the 
young astronomer, and he entered it boldly with everything he 
had, which, however, was not a great deal, judged by modem 
f asfaioes in spectroscopic equipment. It is true that he had the 
use of a powerful telescope, but his spectroscope, the one used 
by Keeler in observing the nebulae, was not an instrument suited 
to rapid observation or to faint objects. The spectrum of a 
nova changes from hour to hour, and sometimes alters its char- 
acter altogether from night to night, so that speed is essential to 
successful observation. Moreover, the spectroscope was de- 
signed for visual use, while most spectroscopic observations, 
even at that time, were made photographically. Nevertheless, 
Campbell made most creditable observations of the star and, by 
dint of observing it as early as practicable in the morning sky 
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when it again came into observation, he showed that its spec- 
trum had lost its continuous character, and resembled that of a 
gaseous nebula. Equally important were the observations made 
by him at about that time of the spectra of nebulae and of Wolf- 
Rayet stars. Some of Campbell's findings were so surprising 
as to excite incredulity, and to bring upon him from certain 
quarters sarcastic and bitter criticism. To mention an instance : 
he reported a variation within the Orion nebula of the relative 
intensity of the F line of hydrogen on the one hand, and the 
bright nebular lines, then known as Ni and N 2 , on the other. 
Variations in the relative intensity of various lines within the 
body of a single nebula are now well known, and provide the 
basis for determining some of the physical conditions within the 
nebulae, but Campbell's observation was the first of its kind, 
and was, for a time, lightly treated by a highly placed critic. 
(97) (103) (113) (114) ; cf Astroph. Jour., 10, 164, 167. 

In those early days Campbell had a number of controversies 
with astronomers who were disposed to question his findings, 
especially when these did not conform to currently accepted 
views. He was a very careful observer, and when he was ready 
to describe an observation he was confident of its validity. On 
the other hand he was young, his name was a new one in 
astrophysical literature, and this may have served to divest his 
critics of due and reasonable caution. Eventually they seemed 
to become more circumspect. Perhaps his most stubbornly de- 
fended conclusion was that water-vapor and oxygen are rela- 
tively scarce in the atmosphere of the planet Mars. His first 
observations were made at the favorable opposition of the planet 
in the summer of 1894. At that time Mars, and the possibility 
of its being inhabited by intelligent beings, occupied a large 
part of the public's interest in astronomy, and even conservative 
astronomers had been won to the view that the planet had an 
atmosphere, with water vapor and oxygen as constituents, that 
is to say an atmosphere which inferentially is capable of sup- 
porting life. In Young's General Astronomy (Edition of 1891 ) , 
the text book most commonly used in American colleges of the 
day, occurs the statement, in relation to the atmosphere of Mars : 
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"Dr. Huggins has found with the spectroscope unequivocal evi- 
dence of the presence of aqueous vapor." This may fairly be 
taken as the accepted view of that period. For reasons that need 
not be given here, the spectroscopic detection in the atmosphere 
of a planet of a vapor, such as oxygen or water-vapor, that is 
also present in the earth's atmosphere, is one of the most difficult 
tasks in the astronomical spectroscopy. Campbell was alive to 
the difficulties and exercised the most painstaking care to mini- 
mize them. His conclusion, based upon his own observations, 
was that if water vapor or oxygen occur in the atmosphere of 
Mars it is in quantities too small to have been detected by spec- 
troscopes then available. This conclusion ran so counter to the 
view generally accepted at the time that it was sharply criticized 
by some astronomers, more especially by those who were dis- 
posed to interpret the phenomena observed tekscopically on the 
surface of Mars in terms of a rather tight analogy with what 
happens on the earth at this particular stage of our civilization 
and economic development. The controversy continued for 
some years, and even so late as 1909 observations were published 
which were interpreted by their sponsors as proving the very 
considerable occurrence both of water-vapor and oxygen in the 
atmosphere of Mars. 1 Campbell returned to the problem in 
1909. In order to minimize the effect of the earth's atmosphere 
an elevated observing station seemed desirable, and he conducted 
an expedition to the summit of Mount Whitney, elevation 4420 
meters, the highest point in the continental United States, to 
make his observations. The methods used on that occasion were 
similar to those that had theretofore generally been employed, 
but in 1910 he attempted to solve the proWetn in a different way, 
namely, by observations of Mars when near quadrature. In 
this position the planet has a considerable velocity, either of 
recession or approach, and any lines due to absorption in its 
atmosphere would be displaced from analogous lines imposed by 
the atmosphere of the earth, and thus be made apparent. This 
ingenious method had been conceived independently by V. M. 
Slipher, of the Lowell Observatory, and by Campbell. The 

1 Lowell Obs. Bull. Nos. 36 and 41. 
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observations were, in this instance, made at Mount Hamilton. 
The results of both the 1909 and the 1910 trials were negative, 
in conformity with those of earlier years, (210) (211) (222). 

This evidence did not satisfy the contenders for the exist- 
ence of life-supporting constituents in the atmosphere of Mars. 
Finally the inquiry was taken up by Adams and St. John at 
Mount Wilson. In 1925, after using the powerful permanent 
installations at the Mount Wilson Observatory, these observers 
came to the conclusion that the amount of water vapor was 3% 
of that over Pasadena on the day of observation, and the amount 
of oxygen was two thirds of that calculated to be above Mt. 
Everest. 2 These quantities are well within the tolerances indi- 
cated in Campbell's observations and would be incapable of sup- 
porting life as we know it on the earth. Thus was substantiated, 
in later years, Campbell's early finding that the amount of water- 
vapor in the atmosphere of Mars is relatively small. Aside from 
the purpose for which they were introduced, the incidents related 
illustrate the difficulty of removing a myth or misconception from 
scientific literature once it has become effectively lodged therein. 

It was with such work as could be done with the limited spec- 
troscopic equipment at his disposal that Campbell occupied him- 
self during his early years at Mount Hamilton until he should 
have the use of a suitable spectrograph ; in fact, as shown by his 
bibliography, he contributed at that time many papers on subjects 
outside the field of astronomical spectroscopy. His experience 
indicated to him the inadequacy of astronomical spectrographs of 
that day, and he set himself the task of improving them. Means 
for the construction of a new instrument were generously pro- 
vided by Mr. D. O. Mills, a sympathetic friend of the Observa- 
tory, in the year 1893, and arrangements were made with the 
optical firm of John A. Brashear to build the spectrograph under 
general specifications to be provided by Campbell. The latter 
had the benefit of a very clear and comprehensive statement of 
optical principles of the spectroscope in a paper then recently 
published by Keeler, 3 and in the mechanical design of the in- 

* Astroph. Joitr., 63, 137, 1926. 

8 Elementary Principles Governing the Efficiency of Spectroscopes for 
Astronomical Purposes. Sidereal Messenger, 10, 433, 1891. 
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strument he adopted elements of construction originated both 
by Keeler and by himself. As is not unusual with instruments 
of precision, the spectrograph took a long time to build and to 
test, and it was not until the summer of 1896 that Campbell 
regarded it as satisfactory (99). Shortly thereafter, his atten- 
tion was turned in another direction. An expedition to observe 
the eclipse of the sun of 1898, in India, was projected by Director 
Holden, and Campbell was entrusted with its organization and 
conduct. To free him for this duty an assistant was provided 
to carry on the spectroscopic observations during his absence on 
the expedition. In October, 1897, shortly before Campbell's 
departure for India, Director Holden resigned his position, and 
left the Lick Observatory. Keeler was appointed to succeed him 
as of July i, 1898. Although Keeler had, in his earlier engage- 
ment at the Lick Observatory, been in charge of spectroscopic 
work, on assuming the directorship he delegated the responsi- 
bility for the 36-inch refractor and the new spectrograph to 
Campbell, who had just returned from India, and turned his own 
attention to the Crossley reflector, a relatively new acquisition 
by the Observatory, which no one else had succeeded in em- 
ploying to advantage. Keeler overcame certain mechanical de- 
fects of the reflector mounting, and began a brilliant series of 
photographic observations of the nebulae which was most unfor- 
tunately terminated by his death on August 12, 1900. Campbell 
followed Keeler in charge of the Observatory, and was desig- 
nated director as of Jairaaiy I, 1901. 

During the two years of Keeler*s administration Campbell 
had been busily occupied with the new spedrograph and had 
made a number of interesting observations, the most outstanding 
of which was that of the complex nature of the motion of Polaris, 
which was at the time regarded as indicating that star to be 
triple, (116). This observation, together with the detection of 
a large Buiiber of spectroscopic binaries, and, generally speak- 
ing, the measurement of the radial velocities of stars with un- 
precedented accuracy, was made possibk by the excellent per- 

43 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXV 

formance of the Mills spectrograph. In fact this instrument, 
by permitting the attainment of new standards of precision, 
greatly enlarged a field of astronomical study which had until 
then been but crudely cultivated. It may be worthy of remark 
that essentially no new principle, either of optics or engineering 
design, went into the planning of the spectrograph one just as 
good might well have been built in the earliest days of stellar 
spectroscopy and in all the intervening time been used toward 
the furtherance of astronomical knowledge. The principles of 
geometrical optics, which provide a basis for design of most 
stellar spectrographs, had long been familiar, and the making 
of stable mechanisms was no new thing. 

In view of Campbell's accomplishments, it was but natural 
that he should be selected to follow Keeler as head of the Lick 
Observatory. His appointment as director brought to an end 
the first of the periods into which we have divided his profes- 
sional life. In it, as has already been said, he did by far the 
greater part of his work as an observer. A glance at his bibli- 
ography will indicate something of his activity in those days; 
in fact, the bibliography is to be regarded as the corpus of this 
account, the purpose of the running text being merely to sketch 
briefly the circumstances which from time to time gave direction 
to his work. After assuming the administration of the Observa- 
tory, Campbell found it necessary to leave the observations very 
largely to others, though he occasionally took a hand in them. 
An exception is to be noted in respect to the observation of solar 
eclipses. He was much interested in these phenomena, and when 
one was to be observed he was active in every phase of the sci- 
entific preparations, and in the conduct of the expedition. This 
subject will be returned to later. 

Campbell's original radial velocity project, regarded in the 
light of its later development, was modest. As I was at that 
time his assistant, he naturally spoke to me of his purposes. The 
more important of these was to issue a catalogue of radial 
velocities; the second was to calculate, on the basis of this 
catalogue, the sun's motion among the stars. The possibility 
that spectroscopic binaries in considerable number might be dis- 
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covered during the course of the work (there were hut a few 
known at that time) was suggested to him, but he seemed not 
much impressed. There were about 260 stars on the original 
program, chosen for their brightness and the measurable quality 
of the lines in their spectra. They were all north of 20 
declination, and, with a few exceptions, were brighter than 5.5 
magnitude. They were selected principally from classes F to 
M, as these spectra are rich in measurable lines. It was expected 
that each star would be observed four times and that, with luck 
with the weather, the observations would be completed in about 
four years. However, as the planned observations approached 
completion, it was found that those of certain stars on the list 
had to be repeated (this was especially true in the instances of 
such stars as had been found to have variable velocities) so 
that, to fill in the observing time, additional stars were inserted 
in the list. Finally, to make the work more comprehensive, a 
completely new list of stars extending in declination 30 was 
formed. This list contained 830 entries and was eventually suc- 
ceeded by others too numerous to record, with the result that at 
this writing, fifty years after the inception of the program, the 
observations are continuing, and the end is not in sight. 

Campbell had realized quite early in his undertaking that in 
order to complete the catalogue, and to stabilize the solution 
for the solar motion, it would be desirable to have observations 
of radial velocities of stars in the southern hemisphere of the 
sky, and the project of an expedition to obtain them was never 
very far from his mind. When he became director, he brought 
this need to the attention of Mr. Mills, and the latter most 
generously made financial provision for such an undertaking, 
(151). In 1903 an observatory, with a powerful reflecting tele- 
scope and suitable spectrograph, was established on Cerro San 
Cristobal, a high hill in the suburbs of Santiago, Chile. The 
original plan was for an occupancy of about two years, but re- 
sults secured were of sufficient importance to induce Mr. Mills 
to provide for the continuance of the work, which he did during 
the remainder of his life. After his death, in 1910, the project 
was sustained by his son, and by other friends of the Lick Ob- 
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servatory. Finally in 1929 the expedition was terminated, and 
the observatory, with its equipment, was sold to the Catholic 
University of Santiago, which it is understood still operates it. 
Campbell planned the observatory, but was never able to go 
to Chile to see it. It was installed and operated by members of 
the Lick Observatory staff assigned to those duties. 

After the Chilean station got into production, grist came to the 
hopper from two sources, and the harvest was a rich one. The 
matter of making the product available to astronomers naturally 
occupied Campbell's mind. Items of particular interest, such 
as variable radial velocities, observations of novae, and the like, 
were promptly published and the quality of the work as well as 
its scope was indicated. Notwithstanding this liberal disposition, 
requests, which in instances fell little short of demands, were 
made that all the information be published promptly. The 
observatory was in effect accused of retaining data that belonged 
rightfully to the astronomical public, but there seemed to be no 
reason to stop in the course of an unfinished program of work 
in order to issue incomplete determinations of velocity which 
would eventually require revision. The desire of astronomers 
to know the radial velocities of as many stars as possible is easy 
to understand when one recalls that these quantities are funda- 
mental in the calculation of the scale of the stellar system and 
of the "universe." Most other observations of the stars provide 
only angular movements, which of themselves supply no knowl- 
edge of the absolute (as distinguished from the relative) distances 
of the stars. The spectroscope, by giving the measure of a star's 
speed in the line of vision, enables a statistical evaluation of the 
speed at right angles to that line, which, combined with the 
observed angular motion, permits the calculation of the average 
distance of a group of stars. In special instances, for example 
in the cases of double stars and moving clusters, the distances 
of individual stars can be derived. Thus interest in the accumu- 
lating store of velocity determinations at Mt. Hamilton is readily 
understood, and Campbell did his best to meet reasonable re- 
quests for information. Special observations, or groups of 
observations were generally available to any responsible person 
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who asked for them. If Campbell's attitude in this matter re- 
quires justification, it is to be found in the fact that radial 
velocities are subject to systematic errors of various kinds, and 
these errors can be evaluated only through comprehensive anal- 
ysis of large groups of observations. One type of systematic 
error was found to run continuously through the whole series of 
observations, while another affected only observations made 
within a certain period of time. Then there is the so-called 
K-term, which Campbell had found in an early summary of his 
work, (230) (231) (239). This "term" represents systematic 
shifts in stellar spectra, dependent upon spectral class, equivalent 
to velocities, outward from the sun, as high as 4 km. per second. 
These and other effects had to be isolated and evaluated through 
a study of all the available material. Had the observations been 
released in advance of the determination of the corrections neces- 
sary to neutralize, or offset these effects, erroneous conclusions 
would almost certainly have been drawn from the data. The 
radial velocities of all stars measured at the Lick Observatory, 
up to January I, 1927, 2771 in number, were published in cata- 
logue form by Campbell and Moore in 1928, (325). The cata- 
logue is accompanied by a comprehensive discussion of the obser- 
vations, a redetermination of the elements of the solar motion, 
and provides a very complete history of the Lick Observatory 
radial-velocity project. It constitutes the most extensive and 
homogeneous body of information relative to the radial velocities 
of stars that has yet appeared. 

An account of Campbell's work would be incomplete without 
some reference to its influence on that of others. Before he 
began his measurement of the radial velocity of stars such mea- 
surements were carried on with only indifferent success at two 
or three observatories. Following his initial success, a great 
interest developed in observations of that kind. Campbell's 
paper: "The Mills Spectrograph of the Lick Observatory," 
published in 1898, was widely read. His counsel on technical 
matters was frequently sought, and always freely accorded. 
Young astronomers trained at the Lick Observatory went else- 
where, and sometimes established themselves in this fertile field. 

47 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXV 

A very considerable number of the observatories of the world 
now devote to the measurement of stellar radial velocities a 
substantial part of their resources, and their combined output 
of data greatly exceeds that of the Lick Observatory. Probably 
none will deny to Campbell his due measure of credit for the 
stimulation of this great development. 

When the radial velocity program was first undertaken at 
Mt. Hamilton, in 1896, about a dozen spectroscopic binaries 
were known. The orbital motions were, in all these instances, 
large, and the spectroscopic displacements through which the 
binary character was revealed were, due to this circumstance, 
relatively great and had easily been detected with instruments of 
relatively moderate power. It quite soon appeared from the 
Lick Observatory observations that stars of this class were 
more numerous than had been thought, and that the Mills spec- 
trograph, through the attainment of a high degree of precision 
in measurement, had developed a special field for discovery and 
study. Further experience confirmed the conjecture that spectro- 
scopic binaries are relatively numerous, and it has been shown 
that about one star in three has a periodic disturbance of its 
motion due, undoubtedly in most instances, to the influence of 
an unseen companion star. It is, however, appropriate to point 
out that modern research has shown that apparent periodic 
variable motion in a star can be caused otherwise than by a dis- 
turbing companion. In the case of stars that are Cepheid 
variables a disturbance is believed to be caused by "pulsations" 
in the star which carry the atmosphere back and forth, so that 
it is the star's atmosphere which moves, not the star's center of 
mass. This comment has a definite relation to the sensational 
discovery made by Campbell in 1900, and already briefly referred 
to above, that Polaris, the North Star, is multiple. Its velocity 
was shown to have a compound oscillation, a period of approxi- 
mately four days being superimposed upon one of several years. 
(The longer period has since been shown by Moore to be 29.6 
years.) It was therefore inferred that Polaris is a triple system, 
consisting of a bright star revolving about an invisible one once 
every four days, while this close pair revolves about a distant 
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star in the course of years, and an announcement was made to 
that effect. However the discovery was subsequently made by 
Hertzsprung that Polaris is a Cepheid variable, and it is now 
believed that the four-day period is the consequence of pulsation 
in a single star. According to this view the system is a double 
one, with a period of revolution of 29.6 years. 

While Campbell regarded the radial velocity observations and 
the problems relating to them as constituting his most important 
work, he was actively interested in other phases of astronomical 
spectroscopy, perhaps more especially in the spectroscopic study 
of solar eclipses, as has already been mentioned. One was never 
quite sure whether he enjoyed more the intense concentration 
during the critical moments of totality, or the excitement of 
preparation and travel incident to the undertaking, which some- 
times occupied the larger part of a year. To one living on a 
relatively isolated mountain top, an opportunity to see the world 
under extraordinarily interesting circumstances is not a negli- 
gible matter, but it may be said of Campbell that, whichever of 
these two aspects of an eclipse expedition appealed to him the 
more, he served them both welL 

Perhaps Campbell's most important eclipse observation was 
that in confirmation of the work of Eddington and his associates 
who, at the Brazilian eclipse of 1919, verified the gravitational 
deviation of light which had been predicted by Einstein from 
the general theory of relativity. Einstein's prediction of a de- 
flection of star light by the sun's gravitational field, amounting 
at grazing incidence to o/'S^ based on what has come to be 
known as the Restricted Theory of Relativity, was made in 191 1. 
Plans to test the prediction at the Russian eclipse of 1914 were 
made by Campbell and Curtis, but it was a "cloudy eclipse/* 
and nothing came of the attempt. In 1915 Einstein developed 
the General Theory of Relativity, and from it predicted a deflec- 
tion of i ."75. The same observers tried again to detect the 
deflection, this time at the eclipse of 1918, at Goldendale, Wash- 
ington, in the northwestern part of the United States. Their 
equipment was limited, inasmuch as the instruments used in 
the attempt of 1914 had been held in Russia as a consequence of 
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the first world war ; however, they improvised some cameras and 
obtained photographs of the star field surrounding the sun. 
It was hoped that, despite the optical shortcomings of the ap- 
paratus used in taking them, these photographs would suffice 
for the proposed test. The plates were measured and discussed 
by Curtis who came to the conclusion that they lent no sup- 
port to the relativity prediction. In the following year, 1919, 
Eddington and his associates reported, in a communication to the 
Royal Astronomical Society, 4 that the relativity prediction had 
been verified by their observations of the Brazilian eclipse in 
the spring of that year. At the time of this announcement 
Curtis had left the Lick Observatory to accept the directorship 
at Allegheny, and Campbell, with the aid of Moore and Trumpler, 
undertook an examination of his discussion of the 1918 observa- 
tions. As a result of that inquiry Campbell decided to attempt 
to measure the relativity deflection at the next favorable oppor- 
tunity, which would occur at the eclipse of 1922. To this end 
preparations were made with extraordinary care. The site 
selected for the observing station was on the west coast of 
Australia, and there Campbell, with the assistance and collabora- 
tion of Trumpler, obtained photographs of a highly satisfactory 
quality. On the return of the party to California, Campbell was 
met at the steamer by a delegation from the regents of the 
University of California, who offered him the presidency of the 
University. His first disposition was to decline the offer; he 
was quite satisfied with the office he then held, and wished to 
continue in it. However he finally yielded to the persuasion of 
the regents, and accepted their offer, subject to conditions re- 
lating to the organization of the University, which were approved 
by them. On assuming the presidency of the University he re- 
tained, nominally, the directorship of the Observatory, without 
remuneration in that capacity, and Astronomer Robert G. 
Aitken was designated associate director, with enlarged func- 
tions of administration. Campbell was somewhat widely criti- 
cised for not relinquishing completely the directorship of the 
Observatory on becoming president of the University, but a 

R.A.S., 62, Appendix, 1920. 
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careful consideration of the circumstances under which he as- 
sumed his new responsibilities will, it is thought, justify his 
action. The presidency of the University of California is a 
peculiarly exacting administrative office. Campbell was sixty 
years of age, with a successful career as a research astronomer 
behind him, but was without experience of the particular kind 
required in the management of a large teaching university. He 
might find the new task uncongenial, or unsuited to his tastes 
or abilities ; and there are always the exigencies of university 
policy and politics to be considered in such a matter. Indeed 
the terms of most of the former presidents had been relatively 
short. That Campbell should undertake the proposed duty was 
not his own idea but that of the University regents, and there 
was in the circumstances no reason why, in setting foot to a 
new path on their solicitation, he should ait off access to the 
one he had followed with success for more than thirty years. 
In these circumstances the formal retention of the observatory 
post would appear to l>e natural. 

With the appointment of Campbell as president, the task of 
measuring and reducing the plates taken at the 1922 eclipse 
devolved upon Trumpler. In two papers, authored jointly 
by Campbell and Trumpler, (315) (322), the results of the 
investigation are given. There are two sets of observations, 
made with separate batteries of cameras. The values of the 
deflection, reduced to the sun's limb, are in one instance i/'72 
and in the other I ."75. They thus verify the value predicted by 
Einstein from the General Theory of Relativity ; namely, a deflec- 
tion of i. "75. 

As the record stands, two attempts have been made at the 
Lick Observatory to confirm the gravitational deflection of 
light, the first of them, in 1918, gave a so-called negative result ; 
the second, made in 1922, which has just been described, pro- 
vided a full and complete check of the theory. While there can 
hardly be a question of the validity of the second result, the 
situation has its awkward aspects, and it is to be hoped that 
eventually the earlier attempt at confirmation will be reviewed 
by a qualified person. 



XATIOXAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXV 

Campbell's administration of the University was most success- 
ful, as the following quotation from an appreciation of his life, 
prepared by a committee of the Academic Senate of the Uni- 
versity, testifies: "' 

"For six months before he entered upon his duties as 
President, he devoted himself to the University's history, 
organization, functions, and problems all with his usual 
thoroughness. During this period he sought the advice of 
leading men of the factulty. As a result he entered upon his 
duties as President with a remarkable grasp of the Univer- 
sity's functions and needs. 

"His devotion to truth and his belief in using the methods 
of science were evidenced in all his acts and policies. 'The 
fundamental purpose of universities/ he announced in his 
inaugural address, 'is to hasten the day when all men and 
all women shall have comprehension of the truth, so that 
they may live their lives more richly and more usefully in 
this exceedingly interesting world/ 'The first . . . obli- 
gation of a university/ he continued, 'is to instruct the 
students who come knocking at its doors; to disseminate 
. . . the knowledge that has been gained and preserved in 
all past time/ 'The second great function of a modern 
university is to extend the frontiers of knowledge into 
regions as yet unexplored/ Every professor, in his opinion, 
faced the duty of doing something to add to our store of 
human knowledge. 

"The Academic Senate closed an address to President 
Campbell concerning his retirement with this characteriza- 
tion : 'Your administration has been a period of tranquillity 
and healthy growth such as few universities have enjoyed, 
and we, the Academic Senate, desire to express to you our 
heartfelt appreciation/ Dr. Campbell gave himself whole- 
heartedly to the duties of the presidency, mindful of the 
good of the institution. His policies harmonized with the 
truth; his decisions seldom required revision. Of his con- 
duct of the presidency, Regent Chester Rowell has said: 
'With a hand always gentle but always firm and never 
shirking, President Campbell ruled the University wisely 
and well. Whether in its nominally ruling board, in its 
faculty, or in its student body, there are problems great and 
small in every university. The great ones, Dr. Campbell 
faced greatly, seeing them in the full perspective of the long 

5 In Memorittm, 1938, The University of California, pp. 5-6. 
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future and of their wide ramifications, as was natural to a 
scientist whose habitual intellectual background bad been 
the whole harmony of the universe/ " 

Campbell was retired in 1930 from the presidency of the 
University and the directorship of the Observatory. In recog- 
nition of his long and excellent service the regents of the Uni- 
versity invited him to continue indefinitely in the occupancy 
of the residence at Mount Hamilton that he had enjoxed for 
so many years, and he made more or less tentative plan-* for the 
resumption of scientific work. He was, however, in failing 
health, and had in the later days of his residence in Berkeley 
lost the sight of an eye. Furthermore he had been occupied 
almost exclusively with administrative matters during the pre- 
ceding eight years, and in that time developments in astronomical 
spectroscopy, the field of his special interest, had been pro- 
digious. I recall one day standing near him in the small moun- 
tain post-office where the members of the community custo- 
marily gather at noon to receive their mail, and word from the 
world. He opened a letter, read it once and again, then handed 
it to me with the question "What do you think I ought to do 
about this?" It was a note from the nominating committee of 
the National Academy of Sciences asking whether he would 
accept the nomination to the presidency of that body, which 
nomination is virtually equivalent to election. In view of the 
circumstances that have just been sketched, and not realizing 
the magnitude of the task to which he would set himself, I 
urged that he accept, which after some deliberation he did. 

Campbell assumed the presidency of the National Academy 
on July i, 1931. He was deeply sensible of the responsibilities 
imposed by the office, and, in order that he might be free to dis- 
charge them, he and Mrs. Campbell established a home in Wash- 
ington, where they lived for the greater part of his term of office. 
Campbell devoted to his new position the same particular and 
minute attention that he was accustomed to accord to whatever 
he had to do, and the business affairs and general routine of the 
Academy were well ordered ; but it will probably be agreed that 
the outstanding feature of his administration was the zeal with 
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which he sought to uphold the prestige of the Academy, esj>ecially 
by strengthening its position as adviser on scientific matters to 
the Government of the United States. 

It will be recalled that the Academy was created by the Con- 
gress in 1863, during the American Civil War, through an act 
of incorporation which specified no duties other than that the 
Academy should hold an annual meeting and should " whenever 
called upon by any department of the Government, investigate, 
examine, experiment, and report upon any subject of science 
or art . . ." For many years following the establishment of 
the Academy the Government sought and received from it 
advice upon important matters, but in the decade or more pre- 
ceding Campbell's term as president there developed, perhaps 
in part inadvertently, a tendency to delegate advisory functions 
to newly created bodies. It was Campbell's view that the act 
of incorporation, reinforced by the record of the Government's 
practice in seeking the Academy's advice, established the Acad- 
emy as presumptively the advisory agency to the Government 
on scientific matters, and he sought by all means in his power 
to keep open the channel through which such advice might flow. 
"With tremendous courage and persistence, irrespective of per- 
sonal considerations, he succeeded in obtaining fullest recogni- 
tion of the Academy by the President (of the United States) 
through the creation within the Academy, on invitation of the 
President, of the Government Relations and Science Advisory 
Committee." 6 In the words of a qualified and eminently fair 
commentator upon Academy affairs of that period, whose views 
on method and procedure were not uniformly consonant to those 
of Campbell, "Campbell had a high and correct view of what 
the Academy is and should be, and did much to put it in its 
proper position in the framework of government." 

On the conclusion of Campbell's term of office he and Mrs. 
Campbell returned to California, and after a short stay on Mount 
Hamilton made their home in San Francisco. They had a beau- 
tiful apartment overlooking the blue waters of the Golden Gate 
and the mountains beyond, where their many friends were wel- 

ft loc. cit. p. 7. 
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corned and hospitably entertained. Although he did not actively 
participate in scientific affairs at the time, Campbell took a 
general interest in current developments and viewed the astro- 
nomical scene with intelligence and satisfaction. He was in his 
middle seventies, and in failing health, though he seldom referred 
to his infirmities, and never permitted them to mar the pleasure 
of his guests; nevertheless they grew, and, in particular, he 
found himself losing the sight of his remaining eye. Without 
cause, other perhaps than that his memory was, in unimportant 
respects, not so good as it had been, he feared impairment of 
his reason, and was fearful lest he become a burden upon others ; 
eventually his worry could not escape the observation of his 
friends, and it became to them a matter of concern. However, 
the last time I called upon him he was seemingly better than for 
a long time; he was bright and cheerful, with apparently not a 
care in the world. A few weeks later, on June 14, 1938, his 
friends, and the community, were shocked by his tragic death. 
One who attempts to appraise the traits of character and 
other factors that contributed to Campbell's success must be 
struck by his extraordinary capacity for hard work. While he 
appreciated the value of relaxation and enjoyed active recreation, 
one does not recall ever to have seen him doing nothing, that 
is to say if he could help it. If there were ten minutes to 
spare, he could usually contrive to find some way of using them 
to advantage. A quality perhaps related to industry is persever- 
ance, and he certainly had the capacity, once he had set. his hand 
to a task, to sit tight and see it through. A factor contributing 
to the fullness of Campbell's career, second in potency to none, 
was the serenity of his domestic life. He was married to Eliza- 
beth Ballard Thompson on December 28, 1892, shortly after he 
had established himself at the Lick Observatory. Mrs. Campbell 
and their three sons, Wallace, Douglas, and Kenneth, survive 
him. Mrs. Campbell was an ideal companion to her husband. 
She presided with dignity and charm over their home, and accom- 
panied him on his many travels, even on the journey that led 
so far afield as the desolate "forty-mile beach" of western Aus- 
tralia, the site of the 1922 eclipse station. She served on all 
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of his eclipse expeditions in the important capacity of chief of 
commisariat, and had the health and well being of her colleagues 
in her keeping ; also she found time to join them in their scientific 
observations. Mrs. Campbell was and is a person of rich wisdom 
and unhurried judgments. That her counsel profoundly in- 
fluenced the course of her husband's life none who had the 
privilege of knowing them will be likely to question. In com- 
menting upon a life of great accomplishment one cannot but 
reflect upon a personality that provided probably its greatest 
inspiration. 

Campbell was the recipient of many honors, and occupied 
various posts of distinction and responsibility. Among them 
are the following : 

Trustee of the Carnegie Institution of Washington. 

Lectureships : 

Silliman Lecturer, Yale University, 1909-10; William Ellery 
Hale Lecturer, National Academy of Sciences, 1914; Halley 
Lecturer, Oxford University, 1925. 

Honorary degrees : 

M.S. University of Michigan, 1899. 

Sc. D. University of Western Pennsylvania, 1900; University 

of Michigan, 1905; University of Western Australia, 1922; 

Cambridge University, 1925; Columbia University, 1928; 

University of Chicago, 1931. 

LL.D. University of Wisconsin, 1902 

Membership in scientific societies and organizations : 

National Academy of Sciences, President 1931-35; American 
Philosophical Society, Vice President 1924-30; International 
Astronomical Union, President 1922-25 ; American Academy 
of Arts and Sciences ; American Association for the Advance- 
ment of Science, President 1915; American Astronomical 
Society, President 1922-25; Die Astronomische Geselleschaf t : 
Astronomical Society of the Pacific, President 1895 and 1910; 
Seismological Society of America. 

56 



WILLIAM WALLACE CAMPBELL WRIGHT 

Honorary membership in the following academies and organi- 
zations : 

Royal Astronomical Society, London; Royal Academy of 
Sciences, Stockholm; Royal Academy of Sciences, Upsala; 
Society of Italian Spectroscopists, Rome; Royal Society of 
London; Madrid Academy of Sciences; Royal Society of 
Edinburgh; Russian Astronomical Society, Moscow; Cali- 
fornia Academy of Sciences, San Francisco; Royal Institu- 
tion, London ; Royal Astronomical Society of Canada ; Insti- 
tut de France (Paris Academy of Sciences) ; Bureau do 
Longitudes, Paris; Russian National Academy, Leningrad; 
Royal Italian Academy of Sciences (dei Lincei), Rome. 

Decorations : 

Commander of the Order of Leopold II, with gold insignia, 
Belgium, 1919-; Officer of the Legion of Honor, with gold 
insignia, France, 1926; Commander of the Order of the 
Crown of Italy, with gold insignia, 1929. 

Medals: 

Paris Academy of Sciences, Lalande Medal, 1903; Royal 
Astronomical Society, London, Annual Medal, 1906; Na- 
tional Academy of Sciences, Washington, Draper Medal, 
1906; Paris Academy of Sciences, Janssen Medal, 1910; 
Astronomical Society of the Pacific, Bruce Medal, 1915. 

Sources of information: A scientific and personal association 
with Doctor Campbell of many years duration. This has been 
supplemented by a brief biographical sketch prepared by Doctor 
Campbell, and by a few letters from Mrs. Campbell. The 
bibliography was compiled by Doctor Campbell, and has been 
only lightly edited. 
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of Sight. Astron. and Astroph., n, 319-25. Reprinted in Frost's 
translation of Scheiner's Die Spectrafattalyse dcr Gestirne, pp. 
338-51, 1894. 

20. The Spectrum of Comet a 1892. Astron. Jour., xx, 176; reprinted 

in Astron. and Astroph., n, 523. 

21. The Spectrum of Comet a 1892. Astron. and Astroph., 11, 698-700. 

22. Nova Aurigae. Publ. A.S.P., 4, 192. 

23. Recent Observations of Nova Aurigae. Astron. and Astroph., ix, 

715-9. 

24. Observations of the Occultation of Mars, Sept. 3, 1892. Publ. A.S.P., 

4, 194. 

25. The Spectrum of Nova Aurigae in February and March, 1892. 

Astron. and Astroph.,, n, 799-811. 

26. Recent Observations of Nova Aurigae (Sept. 8 to Oct. 13, 1895). 

Astron. and Astroph., n, 820-1. 

27. The Spectrum of Nova Aurigae. Astr. Nach., 131, 201-6. 

28. New Elements and Ephemeris of Comet e 1892. Astron. Jour., 12, 

in. 

29. The Motion of Nova Aurigae. Astron. and Astroph., n, 881-2; 

Astr. Nach., 131, 205-6. 

30. The Spectra of Holmes* and Brooks* Comets (/ and d 1892). Astr. 

Nach., 131, 21 1-2; Astron. and Astroph., 12, 57. 

31. Observations of Mars and His Satellites. Astron. Jour., 12, 137-9. 

32. Visual Magnitudes of Nova Aurigae. Publ. A.S.P., 4, 225-7. 

33. The Spectrum of Nova Aurigae. Publ. A.S.P., 4, 231-47. 

34. Comets of 1892 and Their Spectra. Publ. A.S.P., 4i 248-50. 

35. Observations of Nova Aurigae from Nov. 9 to Dec. 14, 1892. Astron. 

and Astroph., 12, 149; also, Publ. A.S.P., 5, 55, 1893. 

1893 

36. Notes on Some Recent Observations of Nova Aurigae. Astron. and 

Astroph., 12, 417-9. 

37. Miscellaneous Observations of Nova Aurigae. Publ. A.S.P., 5> 73-9- 

38. Comet Holmes. Publ. A.S.P., 5 93~4- 
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39. The Spectrum of Holmes' Comet. Publ. A.S.P., 5* 99-ioo. 

40. The Motion of the Solar System. Publ. A.S.P., 5, 104-5. 

41. The Visible Spectrum of Gamrna Argus. Publ. A.S.P., 5, 106. 

42. The Spectrum of Gamma Argus. Astron. and Astroph., 12, 555-6. 

43. Spectrum of Comet b 1893. Astr. Nach., 133, 149-52; Astron. 

and Astroph., 12, 652-3. 

44. Concerning the Nature of Nova Aurigae's Spectrum. Astr. Xach., 

*33 337-4 2 ; also, with 2-page Addendum, in Astron. and 
Astroph., 12, 722-9. 

45. Note Concerning the Accuracy of the Wave-Length Determinations 

in Nova Aurigae's Spectrum. Astr. Nach., 133, 395-8. 

46. The Spectrum of Comet b 1893. Astr. Nach., 133, 149-52; Astron. 

and Astroph., 12, 652-3. 

47. The Hydrogen Atmosphere of the Wolf-Rayet Star BD +303639. 

Astron. and Astroph., 12, 913-4 ; Astr. Nach., 134, 133-4. 

48. Preliminary Note on the Spectrum of the Orion Nebula. Astr. Nach., 

134, 21 1-2, J894; Astron. and Astroph., 12, 927. 

49. Comparison of the New Star Spectrum with the Spectra of Five Well- 

Known Nebulae. Publ. A.S.P., 5, 147-52. 

50. The Panetary Nebula, SD 12 1172. Publ. A.S.P., 5, 207. 

51. Visible Spectrum of Comet c 1893. Publ. A.S.P., 5, 208-10. 

52. Star Spectra in Which Two or More of the Hydrogen Lines Are 

Bright. Publ. A.S.P., 5, 228-9. 

53. The Spectrum of Alcyone. Publ. A.S.P., 5, 231. 

54. Wave-Lengths of the Principal Lines in Nova Aurigae's Spectrum. 

PubL A.S.P., 5, 232. 

1894 

55. Observations of the New Star in Norma. Astr. Nach., 135* 131-2 ; 

Astron. and Astroph., 13, 311-2. 

56. Note on the Spectra of Comets b and c 1893. Astron. and Astroph., 

13, 571-4. 

57. Spectra of the Great Nebula in Orion and Other Weil-Known 

Nebulae. Astron. and Astroph., 13, 384-98, 4947-501. 

58. The Wolf-Rayet Stars. Astron. and Astroph., 13, 448-76. 

59. Note on the Variable Star, A.G.C. 22855. Astron. Jour., 14, no. 

60. The Spectrum of Comet b 1894. Astron. Jour., 14, in. 

61. Observations of the Transit of Mercury, Nov. 10, 1894, Astron. Jour., 

14, 148-9. 

62. Note on the Spectrum of the Orion Nebula. Astron. and Astroph., 

*3, 695-6. 

63. Drawings of the Planet Mars. Publ. A.S.P., 6, 171 plus two plates. 

64. The New Star in Norma. Publ. A.S.P., 6, 102-3. 

65. An Explanation of the Bright Projections Observed on the Termi- 

nator of Mars. Publ. A.S.P., 6, 103-12. 

60 



WILLIAM WALLACE CAMPBELL WRIGHT 

66. The Lick Observatory Photographs of Mars. Publ. A.S.P., 6, 139-41. 

67. The Spectrum of Mars. PubL A.S.P., 6, 228-36 ; reprinted in Astron. 

and Astroph., 13, 752-60. 

68. The Use of the Short-Focus Camera in Stellar Spectrum Photog- 

raphy. Astron. and Astroph., 13, 857-8. 

69. Is There Any Spectroscopic Evidence of an Atmosphere on Mars? 

San Francisco Chronicle, August 26. 

70. Concerning an Atmosphere OR Mars. Publ. A.S.P., 6, 273-83. 

1895 

71. On Selecting Suitable Nights for Observing Planetary Spectra. 

Astron. and Astroph., 13, 860- 1, 1804; The Observatory, 18, 
50-1, (see also p. 121). 

72. On Determining the Extent of a Planet's Atmosphere. Astroph. Jour., 

i, 85-6. 

73. Recent Changes in the Spectrum of Nova Aurigae. Astroph. Jour., 

i, 49-51. 

74. The New Star of 1892. Publ. A.S.P., 7, 31-3. 

75. Micrometer Observations of the Satellites of Mars. Astron. Jour., 

15, 1-8. 

76. A Review of the Spectroscopic Observations of Mars. Astroph. 

Jour., 2, 28-44. 

77. A Spectrographic Determination of Velocities in the System of 

Saturn. Astroph. Jour., 2, 127-35. 

78. The Visible Spectrum of the Trifid Nebula. Astroph. Jour., 2, 161-2. 

79. Observations of the B Band in Stellar Spectra. Astroph. Jour., 2, 163. 

80. Note on the Spectrum of the Aurora. Astroph. Jour., 2, 162. See 

also L. O. Bull, 5, 47, 1908. 

81. Observations of Nova (R) Normae. Astron. Jour., 15, 100. 

82. Observations of Nova (77870) Cygni. Astron, Jour., 15, 100. 

83. Stars Whose Spectra Contain Both Bright and Dark Hydrogen 

Lines. Astroph. Jour., 2, 177-83- 

84. A Determination of the Polar Diameter of Mars. Astron. Jour., 15, 

145-9- 

85. The Irregular Waning of the North Polar Cap of Mars. Publ. 

A.S.P., 7, 40-3- 

86. A Brief Review of Frost's Translation of Schemer's "Die Spec- 

tralanalyse der Gestirne." Publ. A.S.P., 7, 71-6. 

87. Address of the Retiring President of the Astronomical Society (of 

the Pacific). Publ. A.S.P., 7, 81-8. 

88. Note on the Melting of the Polar Caps of Mars. Publ. A.S.P., 7, 

292-3. 

89. New Elements and Ephemeras of Comet c 1895. Astron. Jour., 16, 7. 
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1896 

90. Notes on Two Variable Stars. Astron. Jour., 16, 24. 

91. Observations of Comet b 1895. Astron. Jour., 16, 69. 

92. Observations of Comet a 1895. Astron. Jour., 16, 70-1 ; and (with 

W. J. Hussey) 16, 96. 

93. Mars (a review of Percival Lowell's book, MARS, 1895). Science, 

4, 231-8; reprinted in Publ. A.S.P., 8, 207-20. (See also Science, 
4, 358-9 455-6.) 

94. On the Determination of Planetary Diameters. Publ. A.S.P., 8, 236-8. 

95. Spectroscopic Notes : The Harvard Star, Z Centauri ; The Spectrum 

of Mars; Comet 1895 IV; Comet 1895 V; Comet 1896 I; Comet 
1896 III; Comet 1889-96; Nova Aurigae. Astroph. Jour., 5, 
233-42. 

1897 

96. Recent Observations of the Spectrum of Mars. San Francisco 

Chronicle, April 18; reprinted, in part, in Publ. A.S.P., 9, 109-12. 

97. On the Variations Observed in the Spectrum of the Orion Nebula. 

Astroph. Jour., 6, 363-4. 

1898 

98. A General Account of the Lick Observatory-Crocker Eclipse Expedi- 

tion to India. Publ. A.S.P., 10, 127-40. 

99. The Mills Spectrograph of the Lick Observatory. Astroph. Jour., 

B, 123-56. 

100. Some Stars with Great Velocities in the Line of Sight. Astroph. 

Jour., 8, 157-8. 

101. The Variable Velocity of Eta Pegasi in the Line of Sight. Astroph. 

Jour., 8, 159. 

102. The Motion of Eta Cephei in the Line of Sight. Publ. A.S.P., 10, 

184-5. 

103. The Purkinje Phenomenon and the Spectrum of the Orion Nebula. 

Astr. Nach., 147, 393-6; Astroph. Jour., 8, 317-9. 

104. The Variable Velocity of Omicron Leonis in the Line of Sight. 

Astroph. Jour., 8, 291. 

105. The Variable Velocity of Chi Draconis in the Line of Sight. Astroph. 

Jour., 8, 292. 



106. Three New Spectroscopic Binary Stars. Publ. A.S.P., n, 54-5. 

107. Notes on the Spectrum of Omicron Ceti. Astroph. Jour., 9, 31-6. 

108. The Variable Velocity of Xi Geminorum in the Line of Sight. 

Astroph. Jour., 9, 86. 

109. On the Visual Spectrum of Nova Sagittarii. Astroph. Jour., 9, 308-9. 
i ro. The Variable Velocity of Iota Pegasi in the Line of Sight. Astroph. 

Jour., 9, 310. 
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in. The Variable Velocity of Theta Draconis in the Line of Sight. 

Astroph. Jour., 9, 311. 
H2. The Variable Velocities in the Line of Sight of Ep-ilon Librae, 

h Draconis, Lambda Andromedae, Epsilon Ursae Minors, and 

Omega Draconis. Astroph. Jour., 10, 178-9. 

113. A Comparison of the Visual Hydrogen Spectra of the Orion Xebula 

and a Geissler Tube. Astroph. Jour. f 9, 312-16. 

114. The Influence of the Purkinje Phenomenon on Observations of Faint 

* Spectra. Astroph. Jour., 10, 22-4. 

115. The Spectroscopic Binary Capella. Astroph. Jour., 10, 177. 

116. The Variable Velocity of Alpha Ursae Minoris in the Line of Sight. 

Astroph. Jour., 10, 180-3. 

117. The Wave-Length of the Green Coronal Line, and Other Data Re- 

sulting from an Attempt to Determine the Law of Rotation of 
the Solar Corona. Astroph. Jour., 10, 186-92. 

118. Stars with Variable Velocities in the Line of Sight. Publ. A.S.P., n, 

232-4. 

119. The Variable Velocities of Beta Capricorni and Upsilon Sagittarii 

in the Line of Sight. Astroph. Jour., 10, 241. 

120. On the Variable Velocity of Polaris in the Line of Sight. Publ. 

A.S.P., n, 195-9. 

121. The 'Elements of Practical Astronomy (an enlargement and revision 

of "A Handbook of Practical Astronomy, 1891," and successor 
thereto). The Macmillan Company, New York, 1899; octavo, 
1-264 plus xii. Many later reprintings. 

/poo 

122. Observations of the Second and Third Contacts at the Solar Eclipse 

of January 22, 1898, in India. Astron. Jour., 20, 144-5. 

123. The Determination of the Moon's Theoretical Spectrographic Veloc- 

ity. Astroph. Jour., 11, 141-3. 

124. On the Probable Error of a Radial Velocity Determination. Astroph. 

Jour., ii, 167-8. 

125. Some Spectrographic Results Obtained at the Indian Eclipse by the 

Lick Observatory-Crocker Expedition. Astroph. Jour., u, 

226-33* 

126. The Temperature Control of the Mills Spectrograph. Astroph. Jour., 

ii, 259-61. 

127. The Variable Velocity of Beta Herculis in the Line of Sight. 

Astroph. Jour., n, 140. 

128. Variable Velocities in the Line of Sight. The Observatory, 23, 92-3. 

129. The Crocker Expedition to Observe the Total Solar Eclipse of May 

28, 1900 (with C. D. Perrine). Publ. A.S.P., 12, 175-84. 
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130. James Edward Keeler (a biography and the bibliography). Astroph. 

Jour., 12, 239-53; Pop. Sci. Mo., 58, 85-91. 

131. A List of Nine Stars Whose Velocities in the Line of Sight are 

Variable (with W. H. Wright). Astroph. Jour., 12, 254-7. 

132. The Triple Star Kappa Pegasi. Publ. A.S.P., 12, 202-3. 

133. The Visible Spectrum of Nova Aquilae. Astroph. Jour., 12, 258. 

134. An Atlas of Representative Stellar Spectra (a review of Sir William 

and Lady Huggins' book). Publ. A.S.P., 12, 246-50. 

JOOJ 

135. Determination of the Sun's Distance, from Observations of Eros. 

Science, 13, 176-9; Publ. A.S.P., 12, 251-4, 1900; reprinted in 
Pop. Astron., 9, 88-91. 

136. Some Stars with Large Radial Velocities. Astroph. Jour., 13, 98-9. 

137. The Motion of Xi Geminorum in the Line of Sight. Astroph. Jour., 

13, 90-7- 

138. A Preliminary Determination of the Motion of the Solar System. 

Astroph. Jour., 13, 80-9; reprinted in Publ. A.S.P., 13, 51-60. 

139. On Professor Keeler's Discovery and Observations of an Asteroid 

with the Crossley Reflector. Astr. Nach., 155, 183-4. 

140. On the Spectroscopic Binary Iota Pegasi. Astr. Nach. 155, 249-50. 

141. The Velocity of Alpha Persei in the Line of Sight The Observatory, 

24, 199. 

142. A List of Six Stars Whose Velocities in the Line of Sight are Vari- 

able. L. O. Bull., i, 22-3; reprinted in Astroph. Jour., 14, 138-9. 

143. Radial Velocities in the System of Delta Equulei. L. O. Bull., i, 23 ; 

reprinted in Astroph. Jour., 14, 139-40. 

144. Radial Velocities in the System of Polaris. L. O. Bull., i, 23; re- 

printed in Astroph. Jour., 14, 140-1. 

I4> The Radial Velocity of Alpha Persei. L. O. Bull., i, 23-4; reprinted 
in Astroph. Jour., 14, 141. 

146. The Radial Velocity of Theta Ursae Majoris. L. 0. Bull., i, 24; 

reprinted in Astroph. Jour., 14, 141-2. 

147. The Variable Velocity of Delta Orionis in the Line of Sight. L. O. 

Bull., i, 24; reprinted in Astroph. Jour., 14, 142. 

148. The Velocity of Groombridge 1830 in the Line of Sight. L. O. Bull., 

i, 24-5; reprinted in Astroph. Jour., 14, 142-4. 

149. Observations of the Spectroscopic Binary Eta Pegasi. L. O. Bull, i, 

26; reprinted in Astroph. Jour., 14, 202-3. 

150. Observations of the Spectroscopic Binary Capella. L. O. Bull., i, 

31-2; reprinted in Astroph. Jour., 14, 261-3. 

151. The D. O. Mills Expedition to the Southern Hemisphere. Publ. 

A.S.P., 13, 28-9. 

152. A list of Eight New Spectroscopic Binaries. Publ. A.S.P., 13, 31-3. 
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153. Nova Persei. Publ. A.S.P., 13, 65-8. 

154. Some Stars with Large Radial Velocities. Publ. A.S.P., 13, 72-3. 

155. Visual Observations of Nova Aurigae. Publ, A.S.P., 13, 127. 

156. Observations of the Spectrum of Nova Persei (with W. H. Wright.) 

L. O. Bull., i, 44-56; reprinted in Astroph. Jour., 14, 2*19-92. 

/GO.? 

157. The Stars: A Study of the Universe (a brief review of Simon 

Newcomb's volume). Publ. A.S.P., 14, 51-3. 

158. Note on the Spectrum of Nova Persei (with W. H. Wright). Publ. 

A.S.P., 14, 136. 

159. A List of Six Stars Whose Velocities in the Line of Sight Are 

Variable. L. O. Bull., i, 158-9; reprinted in Astroph. Jour., 16, 
114-17. 

160. The Mirror of the Crossley Reflector a Correction. Astroph. Jour., 

16, 121. 



161. Problems in Astrophysics (a review of Miss A. M. Clerke's book). 

Astroph. Jour., 18, 156-66. 

162. A List of Five Stars Whose Velocities in the Line of Sight are 

Variable (with Heber D. Curtis). L. O. Bull., 2, 126; reprinted 
in Astroph. Jour., 18, 306-8. 

163. A Brief Account of the D. O. Mills Expedition to Chile. Publ. 

A.S.P., i5, 70-5. (See illustrations in 16, opposite pp. 133 and 
144, 1904.) 

164. Report of Committee on Southern and Solar Observatories (Pre- 

pared by a special committee of three, Lewis Boss, Chairman, 
George E. Hale and W. W. Campbell, for the Carnegie Institu- 
tion of Washington). Special publication of the Carnegie Insti- 
tution, 1-70, December. 



165. Dedication of the Students' ObservatoryIntroductory Remarks. 

Publ. A.S.P., 16, 65-8. 

166. The Crocker Eclipse Expeditions in 1905. L. O. Bull., 3, 1-2; re- 

printed in Astroph. Jour., 20, 235-6. 

167. The Total Solar Eclipse of August 30, 1905. Pop. Sci. Mo., 65, 

97-108. 

168. Castor a Quadruple Star. Publ. A.S.P., 16, 260-3. 

7905 

169. The Variable Radial Velocity of Sinus. Astroph. Jour., 21, 176-84; 

reprinted in L. O. Bull, 3, 80-3. 

170. A List of Nine Stars Whose Radial Velocities Vary (with Heber D. 

Curtis). Astroph. Jour., 21, 185-90; L. O. Bull, 3, 84-6. 
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171. On the Radial Velocities of Polaris, Eta Piscium, Epsilon Aurigae, 

and Beta Orionis (with Heber D. Curtis). Astroph. Jour., 21, 
191-3; L. O. Bull., 3, 86-7. 

172. An Address on Astrophysics (at the St. Louis International Congress 

of Arts and Science, 1904). Congress of Arts and Science, 
Houghton, Mifflin and Company, 6, 446-469, 1906; Pop. Sci. 
Mo., 66, 297-318. 

igo6 

173. First Catalogue of Spectroscopic Binaries (with Heber D. Curtis). 

L. O. Bull M 3, 136-46, 1905 (see also L. O. Bull., 4, 98). 

174. A List of Four Stars Whose Radial Velocities are Variable (with 

J. H. Moore). L. 0. Bull, 4, 68. 

175. A List of Eight Stars Whose Radial Velocities are Variable (with 

J. H. Moore). L. O. Bull., 4, 96-7. 

176. The Radial Velocity of Polaris. L. O. Bull., 4, 98; also Astroph. 

Jour., 25, 59, 1907. 

177. On the San Francisco Earthquake of 1906, April 18. Publ. A.S.P., 

18, 213-17; reprinted in The Observatory, 29, 345-8. 

178. The Lick Observatory-Crocker Eclipse Expedition to Spain (with 

C. D. Perrine). Publ. A.S.P., 18, 13-36. 

179. Two Stars Whose Velocities are Variable (with J. H. Moore). 

Publ. A.S.P., 18, 137-8. 

180. History of the Naming of Mount Hamilton. Publ. A.S.P., 18, 225-6. 

181. The Radial Velocity of Polaris. Publ. A.S.P., 18, 307. 

182. Seven New Spectroscopic Binaries (with J. H. Moore). Publ. 

A.S.P., 18, 308-9. 

183. Note on the Chile Earthquake of August 16, 1906. Publ. A. S.P., 

18, 313-4- 

1907 

184. The Solar Corona. Publ. A.S.P., 19, 71-80. 

185. Station Coordinates and Contact-Times for the Eclipse of August 30, 

1905. L. O. Bull., 4, 118-120. 

186. The Results of an Effort to Determine Motion within the Solar 

Corona (with C. D. Perrine). L. O. Bull., 4, 121. 

187. Note on a Disturbed Region in the Corona of August 30, 1905 (with 

C. D. Perrine). L. O. Bull., 4, 122. 

188. A List of Six Stars Whose Radial Velocities Vary (with J. H. 

Moore). L. O. Bull., 4, 161-2. 

189. Two Stars Whose Radial Velocities are Variable (with J. H. 

Moore). L. O. Bull., 4, 162. 

190. Organization and History of the D. O. Mills Expedition to the 

Southern Hemisphere. Publ. L. O., 9, (quarto), 5-12. 

191. A List of Eight Stars Whose Radial Velocities are Variable (with 

J. H. Moore). Astroph. Jour., 25, 54-6. 
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192. Eight Stars Whose Radial Velocities Vary (with J. H. Moore). 
Astroph. Jour., 26, 292-5. 



193. The Crocker Eclipse Expedition of 1908 (Flint Island). L. O. Bull., 

5, i-5. 

194. Coronal Photographs with the Floyd Camera (Flint Island). L. O. 

Bull., 5, 7-8. 

195. Coronal Photographs with the Forty-Foot Camera (with Sebastian 

Albrecht at Flint Island). L. O. Bull.. 5* 8-* 

196. The Spectrum of the Sun's Edge with the Moving-Plate Spectrograph 

(Flint Island). L. O. Bull., 5. 10. 

197. The Coronal Spectrum (with Sebastian Albrecht). L. O. Bull., 5 

13-14- 

198. A Disturbed Region in the Corona of January 3, 1008 (with Sebas- 

tian Albrecht). L. O. Bull., 5, 3^7- 

199. Eleven Stars Having Variable Radial Velocities. L. O. Bull., 5* 61-3. 

200. Eighteen Stars Whose Radial Velocities Vary. Publ. A.S.P., 20, 

293-4- 

201. The Spectrum of Comet d 1907- Astroph. Jour., 28, 229-36. 

202. The Eclipse of January 3, 1908. Publ. A.S.P., 20, 33-5. 

203. The Crocker Eclipse Expedition of 1908 from the Lick Observatory, 

University of California. Publ. A.S.P., 20, 63-86. 

204. The Nature of an Astronomer's Work. The North American Review, 

June, 1908 ; reprinted, by special permission, in Publ. A.S.P., 20, 
251-60. 

205. Comparative Power of the 36-inch Refractor of the Lick Observatory. 

Pop. Astron., 16, 560-2. 

206. The Partial Solar Eclipse of June 28, 1908. Publ. A.S.P., 20, 233. 

207. A Remarkable Star Stream in Taurus. Publ. A.S.P., 20, 277-80. 

208. The Spectrum of Comet c 1008 (with Sebastian Albrecht). L. O. 

Bull, 5, 58-9. (See L. O. Bull., 5, 64-5, 1909; also, Publ. A.S.P., 

21, 30-4, 1909.) 

1009 

209. Copy of Telegram Concerning the Spectrum of Mars. L. O, Bull, 

5, 146. 

210. The Spectrum of Mars as Observed by the Crocker Expedition to 

Mt. Whitney. L. O. Bull., 5, H9-5& 

211. A Review of the Spectroscopic Observations of Mars. L. O. Bull., 

5, 156-64. (See also L. O. Bull, 5, i$4A, 1910.) 

212. The Cosing of a Famous Astronomical Problem. Pop. Sci. Mo., 74, 

494-503; reprinted, by special permission, in Publ. A.S.P., 21, 

103-15- 

213. Note on the Spectrum of Mars. Science, 29, 500. 
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214. Water Vapor in the Atmosphere of the Planet Mars. Science, 30, 

474-5- 

215. The Return of Halley's Comet. Publ. A.S.P., 21, 188-95. 

216. On the Spectrum of Mars. Publ. A.S.P., 21, 201-5. 

217. Stars Whose Radial Velocities Vary (with Sebastian Albrecht). 

L. O. Bull., 5, 174-6. 

218. Note Concerning the Radial Velocity of Procyon. L. O. Bull., 5, 178. 

219. Note on the Radial Velocity of Polaris. L. O. Bull., 5, 178. 

220. The Spectrum of Cornet c 1908 (with Sebastian Albrecht). Astroph. 

Jour., 29, 84-87. 

221. Eleven Stars Having Variable Radial Velocities. Astroph. Jour. t 

29, 224-8. 

IpJO 

222. On the Spectrum of Mars as Photographed with High Dispersion 

(with Sebastian Albrecht). L. O. Bull., 6, 11-16 (see also L. O. 
Bull., 6, i6A). 

223. Second Catalogue of Spectroscopic Binary Stars. L. 0. Bull., 6, 

17-54 (see also L. O. Bull., 6, 154, 19"). 

224. Nine Stars Having Variable Radial Velocities. L. O. Bull., 6, 57-8. 

225. The Spectrum of Mars (letters by G. R. Agassiz and W. W. Camp- 

bell). Science, 32, 407-8. 

226. On the Spectrum of Mars as Photographed with High Dispersion 

(with Sebastian Albrecht). Science, 31, 990-2. 

227. Sir William Huggins, K.C.B., O.M. Publ. A.S.P., 22, 149-63. 

228. A Study of Spectroscopic Binary Stars. Publ. A.S.P., 22, 47-63. 



229. Abstract of Some Results in the Motion of the Solar System and the 

Systematic Motions of the Stars. Publ. A.S.P., 23, 57-63. 

230. On the Motions of the Brighter Class B Stars. L. O. Bull., 6, 101-24; 

extensive abstract and extracts in Publ. A.S.P., 23, 85-108. 

231. Some Peculiarities in the Motions of the Stars. L. O. Bull., 6, 125-35. 

232. Sixty-Eight Stars Whose Radial Velocities Vary. L. 0. Bull., 6, 

140-9. 

233. Note on the Radial Velocity of Gamma Piscium. L. O. Bull., 6, 153. 

234. Note on the Spectrum of 25 Orionis. L. 0. Bull., 6, 153. 

235. Note on Radial Velocities of Nebulae. Astr. Nach., 188, 345-6. 



236. Preliminary Radial Velocities of 212 Brighter Class A Stars. L. 0. 

Bull., 7, 19-29. 

237. Two Stars Whose Radial Velocities are Variable. L. O. Bull., 7, 102. 

238. On the Masses of Spectroscopic Binary Stars. Publ. A.S.P., 24, 
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239. Stellar Motions; with Special Reference to Motions Determiner! by 

Means of the Spectrograph (Silliman Lectures for the academic 
year 1909-10, in Yale University). Yale University Press; Ox- 
ford University Press; Henry Provide, London; octavo. 1-328 
plus xi. 

240. Some Recent Studies of Our Stellar System (First Annual Faculty 

Lecture, 1913). University of California Chronicle. 17, 9-54, 



241. International Meetings of Astronomers in Germany < Bonn, Ham- 

burg, Bergedorf). Publ. A.S.P., 25, 244-54. 

242. The Radial Velocities of 915 Stars. L. O. Publ., 7, 113-28. 

243. A Nebula with Large Radial Velocity (with E. S. Haym-s). Publ. 

A.S.P., 25, 288-9. 



244. Note on Evidences of Rapid Convection in Stellar Atmospheres. L. O. 

Bull, 8, 82. 

245. Astronomical Activities of Professor George Davidson. Publ. A.S.P., 

26, 28-37. 

246. Edward Singleton Holden (a biographic sketch). Publ. A.S.P., 26, 

77-87- 

247. A Remarkable Thunder Storm. Publ. A.S.P., 26, 105-6. 

248. The Lick Observatory-Crocker Eclipse Expedition to Brovarv , Russia 

(with Heber D. Curtis). Publ. A.S.P., 26, 225-37. 

249. A Brief History of Astronomy in California (a chapter in Eldredge's 

History of California, in five volumes). The Century History 
Company, New York; 5, 231-271. 

1915 

250. The Pacific Association of Scientific Societies. Science, 41, 637-8. 

251. The Evolution of the Stars and the Formation of the Earth ( Second 

Course of Lectures on the William Ellery Hale Foundation, 
National Academy of Sciences). Pop. Sci. Mo., 87, 207-35, and 
continued in The Scientific Monthly, i, 1-17, 177-194. and 238-255. 

252. Science and Civilization (Address as President, American Association 

for the Advancement of Science, San Francisco meeting. August, 
1915). Science, 42, 227-38. 

253. On Atmospheric Conditions Required for Astronomical Observation. 

Publ. A.S.P., 27, 65-70. 

254. The Spectroscopy of the Extreme Ultra- Violet (a review of Theo- 

dore Lyman's volume). Publ. A.S.P., 27, 138-41. 

255. Radial Velocities of the Planetary and Irregular Nebulae (with J. H. 

Moore). Publ. A.S.P., 27, 240-2. 

256. Observed Rotations of Planetary Nebulae (with J. H. Moore). Publ. 

A.S.P., 27, 245-7. 
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257. The Wave-Length of the Green Nebular Lines NT and N a (with J. H. 

Moore). Publ. A.S.P., 28, 83-4; L. O. Bull., 9, 6-9. 

258. Is the Crescent Form of Venue Visible to the Naked Eye? Publ. 

A.S.P., 28, 85-6. 

259. What We Know about Comets (Retiring Address of First President 

of the Pacific Division of the American Association for the Ad- 
vancement of Science, San Diego, August, 1916). The Scientific 
Monthly, 3, 521-46. (Also given as the Second Adolfo Stahl 
Lecture, San Francisco, December, 1916.) The Adolfo Stahl 
Lectures in Astronomy, octavo, 25-51, 1919. 

260. Edward Singleton Holden, 1846-1914 (a biography and the bibliog- 

raphy). Biographical Memoirs, National Academy of Sciences, 
8, 347-72. 

261. On the Rotation of the Planetary Nebula N.G.C. 6572 (with J. H. 

Moore). Publ. A.S.P., 28, 120-1. 

262. Note on the Relative Velocities Observed within Some of the Plane- 

tary Nebulae (with J. H. Moore). Publ. A.S.P., 28, 119-20. 
See also Addendum in Publ. A.S.P., 28, 213-4. 

263. A Catalogue of the Meteorites of North America ; Meteorites : Their 

Structure, Composition and Terrestrial Relations (a brief review 
of two volumes by Farrington). Publ. A.S.P., 28, 139-45. 

264. Note on the Spectral Type and Radial Velocity of Barnard's Proper- 

Motion Star (with J. H. Moore). Publ. A.S.P., 28, 207-8. 

265. On the Rotation of Some Planetary Nebulae (with J. H. Moore). 

L. 0. Bull., 9, 1-5. 

266. On the Radial Velocity of Beta Ursae Majoris (with Adelaide M. 

Hobe). L. O. Bull, 9, 22-7. 

267. On Systematic Errors in the Measured Intervals between Close Lines. 

L. O. Bull., 9, 28-9. 

268. An Error in Radial Velocity Observations Arising from Non-Uniform 

Slit Illumination. L. 0. Bull., 9, 30-1. 

269. On the Observed Rotations of Planetary Nebulae (with J. H. Moore). 

Publ. A.S.P., 28, 283-5- 

270. Note on' the Spectrum of the Nebula N.G.C. 7293 (with J. H. Moore). 

Publ. A.S.P., 28, 286. 

271. The Solar System (the First Adolfo Stahl Lecture, given under the 

auspices of the Astronomical Society of the Pacific). Publ. 
A.S.P., 28, 222-46, 1916; also, with some minor modifications, 
in The Adolfo Stahl Lectures in Astronomy, octavo, 1-25, 1919. 

1917 

272. The Unification of the Civil and Astronomical Time System. Publ. 

A.S.P., 29, 249-53. 
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273. Some of the Fundamentals of Research. Transaction^ of the Com- 

monwealth Club of California, 12, 71 -Ho. 

274. Some Observations of Aurorae at Mount Hamilton. Publ. A.S.P., 

29, 218-9. 

275. Four Nebulae with Bright-Line Spectra (with J. H. Moore >. Publ. 

A.S.P., 29, 54-5. 

276. Spectrographic Observations of Rotation in the Planetary Nebula 

N.G.C. 7026 (with J. H. Moore). Publ. A.S.P., 29, 55-6. 

277. On the Rotation of the Nebula Jonckheere 320 (with J. H. Moore). 

Publ. A.S.P., 29, 56. 

278. On the Forms of Spectral Lines Observed in the Planetary Nebulae 

N.G.C 7662 and N.G.C 2392 (with J. H. Moore). Publ. A.S.P., 
29, I33-5- 

279. A Remarkable Coincidence. Science, 46, 36-7; reprinted in Publ. 

A.S.P., 29, 219-21. See also The Observatory, 26, 293-4, 1903. 

280. The Nebulae (Address of retiring President American Association 

for the Advancement of Science). Science, 45, 513-48. 

1918 

281. Kaiser Wilhelrn as a Pillager in Boxer (Rebellion) Days. N.Y. 

Times Magazine, January 6; reprinted in San Francisco Ex- 
aminer, January 20. 

282. The Spectrum and Radial Velocity of the Spiral Nebula N.G.C. 4151 

(with G. F. Paddock). Publ. A.S.P., 30, 68-9. 

283. The Problem of Mars. Publ. A.S.P., 30, 133-46. 

284. The Crocker Eclipse Expedition from the Lick Observatory, L'niver- 

sity of California, June 8, 1918. Publ. A.S.P., 30, 219-40. 

285. The Wave-Length of the Green Coronium Line (with J. H. Moore). 

Publ. A.S.P., 30, 34&-9. 

286. Bright-Line Spectrum of the Corona (with J. H. Moore). Publ. 

A.S.P., 30, 349-51. 

287. Eight Stars with Variable Radial Velocity. PabL A.S.P., 30, 351-3. 

288. The Total Solar Eclipse of June 8, 1918, Position of Observing 

Station and Times of Contacts. L. O. Boll., 10, 1-3. 

289. The Total Solar Eclipse of June 8, 1918, Tlie Spectrum of the Solar 

Corona (with J. H. Moore). L. O. Bull, 10, 8-14. 

290. The Spectrographic Velocities of the Bright-Line Nebulae (with 

J. H. Moore). Publ. L. O., 13 (quarto), 77-183. 

291. International Relations in Science (address delivered in the Confer- 

ence on International Relations, at the Semi-Centenary Celebra- 
tion of the Founding of the University of California, held in 
Berkeley, April, 1918). Semicentennial Publications Univ. CaL, 
390-413. 
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2919 

292. The Lick Observatory Community in War Service. Publ. A.S.P., 

30, 353-7- See also San Jose Mercury-Herald, April 23. 

293. Notes on Furuhj elm's Observations of the Coronal Spectrum on 

August 21, 1914 (with J. H. Moore). L. O. Bull., 10, 21. 

294. Stars Whose Spectra Are Composite. Publ. A.S.P., 31, 37-8. 

295. The Variable Velocity of Beta Cygni. Publ. A.S.P., 31, 38-9. 

296. Edward Charles Pickering, 1846-1919. Publ. A.S.P., 31, 73-6. 

297. Shall We Reform the Calendar? Publ. A.S.P., 31, 150-7. 

298. Suggested Procedure for Standardizing Radial Velocity Results 

(abstract). Publ. A.S.P., 31, 190-1. 

299. The International Research Council and the International Astro- 

nomical Union. Publ. A.S.P., 31, 249-56. 

19*0 

300. Notes on the Problem of the Origin of the Lunar Craters. Publ. 

A.S.P., 32, 126-38. 

301. Notes on the Binary Star Sirius. Publ. A.S.P., 32, 199-200. 

302. Sir Joseph Norman Lockyer, 1836-1920. Publ. A.S.P., 32, 265-8. 

303. Concerning Our Relations with the Teutonic Scientists. Science, 

52, 109. 

304. The Daily Influences of Astronomy (address at Dedication of the 

Warner and Swasey Observatory, Cleveland). Science, 52, 
543-52; reprinted in the Smithsonian Institution Report for 1921, 
139-152. 

1921 

305. The Aurora Borealis of May 14, 1921. Publ. A.S.P., 33, 164-7. 

306. Observations of an Unidentified Object Seen near the Sun on August 

7, 1921. Publ. A.S.P., 33, 258-60. 

307. A Defense of Professor Newcomb's Logic. Science, 54, 113. 

308. If You Had Your Life to Live over, What Would You Choose as 

Your Life Work? San Jose Mercury-Herald, October 26. 

309. The Radial Velocity of Planetary Nebula I.C. 2003 (with J. H. 

Moore). Publ. A.S.P., 33, 62. 



310. Three Probable Spectroscopic Binaries. Publ. A.S.P., 34, 169. 

311. (Forty-Nine) Stars Whose Radial Velocities Vary. Publ. A.S.P., 

34, 167-9. 

1923 

312. The Geographical Distribution of Memberships in the National 

Academy of Sciences. Science, 58, 324-25, and 68, 342-43, 1928. 

313. The Total Eclipse of the Sun, September 21, 1922. Publ. A.S.P., 

35, n-44. 

72 



WILLIAM WALLACE CAMPBELL WRU.HT 

314. The Fire in California (Berkeley, September 17, 1923). Science. 

58, 348-9. 

315. Observations cm the Deflection of Light in Passing through the Sun's 

Gravitational Field, Made during the Total Solar Eclipse of 
September 21, 1922 (with R. J. Trumpler). L. O. Bull., n, 
41-54; abstract of this paper in Publ. A.S.P.. 35, 158-63. 

316. The Axis of Symmetry of the Polar Streamers in the Solar Corona 

(with J. H. Moore and Robert H. Baker). Publ. A.S.P., 35, 
163-6. 



317. Simon Newcornb (a biographical memoir). Mem. Nat. Acad. Sci., 

17, 1-18. 

318. Universities and the Truth (Inaugural Address as President of the 

University of California). Univ. Cal. Chronicle, 26, 342-55. 

1926 

319. Do We Live in a Spiral Nebula? (Address of retiring President of 

the American Astronomical Society) Science, 63, 263-7; re- 
printed in Publ. A.S.P., 38, 75-85- 

320. Addresses in Dedication of the New Campus and New Buildings of 

the University of California at Los Angeles. Special pamphlets 
of related addresses, University of California Press: 13-24; and 
59-62, 65, 78, and 84-6, 1930. 

321. The Elements of the Solar Motion Derived from Stars of Visual 

Magnitudes Brighter than 5.51 (abstract with J. H. Moore). 
Publ. A.S.P., 38, 255. 

1928 

322. Observations Made with a Pair of Five-Foot Cameras on the Light 

Deflections in the Sun's Gravitational Field at the Total Solar 
Eclipse of September 21, 1922 (with R. J. Trumpler). L. O. 
Bull., 13, 130-60. 

323. Note on the Spectrum of Mars. The Observatory, 51, 322-3. 

324. Newton's Influence upon the Development of Astrophysics (address 

on the 2-day program, in New York City, 1927, in the bi-cente- 
nary evaluation of the influence of Sir Isaac Newton's contribu- 
tions to science). Special publication No. i of the History of 
Science Society, 67-86; the Williams and Wilkins Company, 
Baltimore. 

325. Radial Velocities of Stars Brighter than Visual Magnitude 5.51, as 

Determined at Mount Hamilton and Santiago, with collaboration 
of Joseph H. Moore, and assistance of other Members of the 
Lick Observatory Staff. Publ. L. O., 16, (quarto), 1-399 plus 
xlv. 
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1929 

326. On the Probable Errors of Some Stellar Radial Velocities Observed 

at the Cape of Good Hope and at Mt. Hamilton and Santiago. 
Monthly Notices Royal Astronomical Society, 89, 506-518. 

327. Address at Celebration of Twenty-Fifth Anniversary of Beginning 

of Research Activity by Carnegie Institution of Washington. On 
board non-magnetic ship Carnegie, San Francisco Harbor, August 
26, 1929. Science, 70, 245-7. 

1930 

328. What Price "Best Football"? The Argonaut, San Francisco, March i. 



329. Introduction (to Menzel's paper, A Study of the Solar Chromo- 

sphere). Publ. L. O., 17, (quarto), i-vi. 

330. Address in Honor of Professor Albert Einstein (in California Insti- 

tute of Technology, Pasadena, January, 1931). Science, 73, 
377-8. 

1933 

331. The National Academy of Sciences (Annual Address by the Presi- 

dent, April, 1933). Science, 77, 549-52. 

332. Who Shall Go to College? (Address at Carnegie Institute of Tech- 

nology, in Celebration of 98th anniversary of Andrew Carnegie's 
birth.) The Carnegie Magazine, Pittsburgh, 197-201. 

1934 

333. Address of the President of the National Academy of Sciences (April, 

1934). Science, 79, 391-6. 

334. The National Academy of Sciences, Address of the President (Cleve- 

land, November, 1934). Science, 80, 535-7. 

1935 

335. Address of the President of the National Academy of Sciences (April, 

1935). Science, 81, 409-14. 

1936 

336. Simon Newcomb : a Tribute to His Personality and His Accomplish- 

ments. (Address at the unveiling of the bust of Simon Newcomb 
in the Hall of Fame in New York University, May 28, 1936.) 
Science, 84, 165-9. 

1937 

337. Ambrose Swasey, 1846-1937. Publ. A.S.P., 49, 179-185. 
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CHARLES BENEDICT DAVENPORT ' 
1866-1944 

BY OSCAR RIDDLE 

Charles Benedict Davenport, distinguished zoologist, geneticist 
and eugemst, was born on his father's farm near Stamford, 
Conn., on June 1, 1866. This farm, during six months of spring 
and summer, was occupied by the Davenport family although 
their more permanent home and the father's business were 
located in Brooklyn. 

The father, Amzi Benedict Davenport, was of Puritan stock. 
He published in two editions (1850 and 1876) an elaborate 
genealogy of the Davenport family that went back continuously 
to 1086. Amzi grew up as a farmer's boy at the home near 
Stamford, but before he was 20 he became a school teacher 
and established a private academy in Brooklyn in which he 
taught for 16 years. In 1853 he set up a real estate office, dealt 
in insurance and managed estates, acquiring a high reputation 
for honesty and reliability. He married twice and was the 
father of eleven children. He was deeply religious in the 
Puritan manner, and his attitude toward his children was 
exceptionally harsh and unyielding. Though very energetic, 
with a brisk walk, he was nervous, astigmatic, partially color 
blind and, from 1880 to his death from pneumonia (following 
breaking of leg) in 1894, had chronic rheumatism or arthritis. 

The mother, Jane Joralemon Dimon, was of English-Dutch- 
Italian ancestry. She held liberal religious views, was interested 
in natural history, and extended warm affection and encourage- 
ment to collegiate education to her children. Her father, John 
Dimon, a fanner's son and carpenter from East Hampton, 
Long Island, became an active citizen of Brooklyn, where he 
served as Commissioner of the Alms House and, for several 
years, as Alderman. Her maternal grandfather, Teunis Jorale- 

1 The biography published by MacDowdl has been drawn upon freely 
in the preparation of the present Memoir; Charles Benedict Davenport, 
A study of conflicting influences, by E. Carteton MacDowell, Bios, TO!. 17, 
No. i, 1946. 
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men, son of a Dutch farmer in New Jersey, acquired a farm 
on Brooklyn Heights and became village trustee, and later a 
judge, in Brooklyn. He accumulated a considerable fortune, 
parts of which gave financial independence to his grandaughter. 
Charles was the eighth child and last son of Amzi and Jane. 
An older brother, William Edwards Davenport, became an 
ordained minister and social worker in Brooklyn. A younger 
sister, Frances Gardiner Davenport, attained success in historical 
research. 

The early education and youth of Charles transpired under 
conditions which, at the time, were quite unusual in America. 
Except for the winter of 1874-1875 he did not attend school 
until near the age of fourteen, but was taught by his father, 
for whom, it appears, he concurrently performed endless chores 
at the real estate office and on the farm. Besides writing other 
things Charles early wrote a diary from which we learn that 
in winter he was office boy and janitor of the office, which he 
opened, swept and dusted every morning ; there he did errands 
to change "For Rent** signs, frequently collected rent bills, 
went to the tax office, and studied his lessons. 

During two years, we are told, these lessons consisted of 
"doing sums and stuiding Smith's Grammer." The father 
secured these services for 25 cents per week and, of course, the 
lessons he gave when he had time. Frequently this was in the 
evening while he clipped papers. If Charles failed he had to 
go to bed at once. The same penalty was paid for not knowing 
his Sunday School lesson, which was heard by Amzi even more 
regularly than other lessons. At home Charles was handyman, 
blacking his father's boots, carrying coal and ashes, and 
shovelling snow. He was stable boy also when the carriage 
horse was in town. He had often accomplished much before 
he reached the office about 8 :oo A. M. His diary states : "O ! 
I want to go to school I hate to be in the office that Prison 
House, as I call it" His first eighteen summers were spent 
on his father's farm. He early became a regular farm hand, 
tended stock, worked in the fields, and drove to and from the 
station with his father, who made frequent trips to Brooklyn. 

76 



CHARLES BENEDICT DAVENPORT RIDDLE 

Although busy with farm work his lessons were continued, and 
these summers gave splendid opportunity to watch bird migra- 
tions, collect insects, and profit by his mother's knowledge of 
natural history. Thus was established the interest that deter- 
mined his life work. 

When nearly fourteen (November 26, 1879) Charles was per- 
mitted to attend school He then entered the Brooklyn Poly- 
technic Institute, where his previous isolation and early respon- 
sibilities marked him with premature seriousness and independ- 
ence. To the end of his days he was to remain essentially a lone 
man, living a life of his own in the midst of others, and feeling 
somewhat out of place in almost any crowd. Spontaneous or 
organized group games or athletics seem to have been unknown 
to him at any age. His informal preparation was, for a time, 
a handicap at the Polytechnic, but this seems to have intensified 
the spirit of competition called out by contact with his equals. 
He excelled in history, mathematics, composition and the small 
offerings in natural history. After four years, corresponding 
to the end of high school, he was at the head of his class and 
gave the commencement oration. Charles continued his work, 
largely in civil engineering, at the Polytechnic Institute, from 
which he received the B.S. degree in 1886. 

From an early age Charles was a writer and organizer or 
participant in informal, juvenile groups interested in natural 
history. At about 9 or 10 years he was secretary of such a 
society (Excelsior) which maintained a museum in a room 
on the top floor of his grandfather's house, and when n to 13 
years old he edited "The Twinkling Star," an amateur monthly. 
Later (1881) he was vice-president of a short-lived Brooklyn 
Chapter of the Agassiz Association, Throughout his last year 
in the Institute, Charles was editor-in-chief of the full-fledged 
school monthly, The Polytechnic. During the summer of his 
eighteenth birthday he spent two months as field reporter on the 
White Mountain Echo, of Bethlehem, N. H. At this and even 
somewhat later periods his requests or discussions of personal 
matters with his father usually assumed the form of long, or 
quite long, letters. Replies often assumed the same form, though 
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father and son continued to spend considerable time in the same 
office. 

For nine months (1886-1887) following his graduation 
Charles was joined, as a rodman, to a group in northern Mich- 
igan engaged in a survey of the Duluth, South Shore and At- 
lantic Railroad. The latter half of this period was also utilized 
to acquire sufficient Latin to provide admission to Harvard. 
His classmate and close friend, Herbert H. Field, later founder 
of the Concilium Bibliographicum in Zurich, had taken the liberal 
arts course at the Polytechnic and was thus prepared to enter 
Harvard the previous autumn. Field strongly urged Charles to 
come to Harvard. These conditions and events led Charles to 
break from engineering, and indeed from the domination of his 
father, and try for college, a goal for which his training had not 
fully prepared him. 

With his mother's backing, tutoring, and a job in the Divi- 
sion of Water Work, Massachusetts State Board of Health, he 
obtained funds for the first frugal student years. Later the uni- 
versity provided various offices, culminating in an instructor- 
ship (1893-1899). He received an A.B. from Harvard in 
1889 an d a Ph.D. in 1892. Here Charles, as student, responded 
by an enduring devotion to his inspiring teacher, Prof. E. L. 
Mark. As instructor, he taught both undergraduate and grad- 
uate courses, the latter with notable success ; and he investigated 
zealously and wrote prolifically. During the ten years, 1890- 
1899, he wrote twenty-five scientific papers and four books. 
The two volumes (1897, 1899) on "Experimental Morphology" 
served to stimulate the movement, already in progress in Eu- 
rope and America, to apply experimental methods to zoological 
and embryological materials. His first book (1893), on "Grad- 
uate Courses a Handbook for Graduate Courses/' was prob- 
ably of temporary and local interest only ; its size and place of 
publication are unknown to the present writer. "Statistical 
Methods With Special Reference to Biological Variation" 
(1899) was * ne fi fst kk to bring the newer investigations 
of Karl Pearson to popular attention in the United States. 

Davenport gave certain courses in the "Annex," later called 
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Radcliffe College. Here he met Gertrude Crotty, a graduate 
student who had been an instructor in zoology at the Univer- 
sity of Kansas. They were married on June 23, 1894. After 
the infancy of their two daughters she took, during several 
years, an active part in his work and was co-author of several 
papers. Following their marriage she, and she alone, was 
Davenport's confidante and chief counselor. The mother of a 
growing family was keenly aware of the advantages of a grow- 
ing income which the prolonged instructorship at Harvard did 
not provide. Week by week during these years she turned to 
the death notices in Science to learn of a position that might be 
open. Davenport became, and remained, highly conscious of 
the value of money and devoted to a good bargain. Advance- 
ment came with his appointment as Director of the Summer 
School of the Biological Laboratory of the Brooklyn Institute 
of Arts and Sciences, Cold Spring Harbor (1898-1923). In 
September of the following year (1899) he accepted an assistant 
professorship at the University of Chicago where he was pro- 
moted to an associate professorship in 1901 , In 1904 he resigned 
the Chicago post and became Director of Carnegie Institution's 
newly established Station for Experimental Evolution (called 
Department of Genetics after 1921) at Cold Spring Harbor, 
N.Y. 

During the later years at Harvard, Davenport published sev- 
eral researches with his students as co-authors : acclimatization 
to high temperatures (with W. E. Castle) and to poisonous 
chemicals (with H. V. Neal) ; heliotaxis (with W. B. Cannon) ; 
geotaxis (with H. Perkins) ; phototaxis (with F. T. Lewis) 
and comparative variability (with C. Bullard). Just prior to 
going to Chicago he wrote (1899) that by using modern quan- 
titative methods as the key to the relation befcweea specific form 
and geographical distribution, he hoped to throw light on the 
origin of species out-of-doors. Such studies, however, led 
almost inevitably to ecology. Though Davenport published only 
one strictly ecological paper, "The Animal Ecology of the Cold 
Spring Harbor Sand Spit," his interest and influence were so 
effective at that time that animal ecologists regard him as one 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXV 

of their pioneers. Among his students at Chicago were C. C 
Adams and V. E. Shelford. In this effort at Chicago, Daven- 
port had the active support and cooperation of Whitman and 
Coulter. It was at Chicago, moreover, where plans had long 
been developing for a new kind of institution a biological 
farm, equipped to carry on prolonged and uninterrupted studies 
of heredity, variation and related subjects. Prof. Charles O. 
Whitman of that University and director of the Marine Biologi- 
cal Laboratory at Woods Hole since its beginning, presented 
plans in detail before a meeting of the American Naturalists in 
December 1897, an ^ emphasized the many mutual advantages 
that would result from its location near the Marine Biological 
Laboratory at Woods Hole. At this same meeting Davenport 
also spoke of the needs of a farm, or zoological preserve, for 
the study of phylogenetic problems. 

Immediately succeeding events have been well described by 
MacDowell : 

"Whitman knew very well Davenport's interest in evolution 
and, before the end of the first season at Cold Spring Harbor 
(1898), Davenport was tendered an invitation to take charge 
of the department of beginning investigation at Woods Hole 
the next year. This was declined on the basis of 'the inexpen- 
siveness and pleasures of the Cold Spring Harbor summer' ; his 
'mercenary motives/ he wrote. Cooperation, even on a national 
scale, had no attraction for the man who was having his first 
experience as first in command. Whitman, however, persisted ; 
if not Woods Hole, then an assistant professorship in his de- 
partment at Chicago. The offer was received in September 1899 
and was accepted. And so Davenport was brought into intimate 
contact with the most active discussion in the country of plans 
for a new institution to study evolution. To be sure, the details 
were all fitted to Woods Hole. 

"Cold Spring Harbor, however, had a summer school and 
highly varied habitats and the proximity to New York might 
weigh heavily against Woods Hole's greater isolation. More- 
over, at the end of 1901, the future of the Laboratory at Cold 
Spring Harbor was uncertain. There was talk of transferring 
its control from the Brooklyn Institute of Arts and Sciences 
to Columbia University, with an inevitable change of director. 
If the Brooklyn Institute should expand the Laboratory by the 
establishment of a permanent resident staff to study evolution, 
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this change could be forestalled. The associate professorship 
was an advance in status, but financially it was still inadequate. 
The Directorship of a new laboratory would mean a real advance 
and give tremendous opportunities to organize and map plan* ; 
no more classes or university routines, no more worry about 
recognition or advancement ; to do as he pleased and shoot ahead 
as fast as he desired nothing could be more alluring. 

"The Carnegie Institution of Washington was incorporated 
on January 4, 1902. Davenport's first communication to this 
Institution was dated January 16, 1902, and was delivered by 
hand to the secretary, Dr. diaries D. Walcott, by Mr, Charles 
L. Hutchinson, vice-president of the Corn Exchange Bank of 
Chicago, who went to Washington to attend the first meeting 
of the Institution's Board of Trustees. This was the opening 
move of a two-year campaign whose final success gave Davenport 
a position of extraordinary influence and power, and gave his 
name a lasting place in the history of science. 

"That there was such a campaign may seem surprising, but 
the lengths to which it was carried would be unimaginable 
without the original documents in the archives of the Carnegie 
Institution, in Washington. For once, the major influences and 
urges of his life worked in the same direction and their unified 
pressure became excessive. Davenport's procedures in this 
critical period have the greatest importance for an understanding 
of the man. The pressure was possibly never again so great ; 
but on subsequent occasions, though less well documented, it is 
possible to recognize repeated use of the methods seemingly 
approved by success. In the present period the incandescence 
of his enthusiasm distorted his judgment and permitted exag- 
geration that bordered closely upon misrepresentation, 

"The application was repeatedly submitted to the Institution 
in different restatements; the financial requirements were pro- 
gressively reduced, as by the Biological Laboratory's offer of 
free land and, finally, by Davenport's proposal to raise funds 
for a building from other sources. One of these applications, 
dated May 5, 1902, was sent directly to the Carnegie Trustees 
and published in the first year book of the Institution." 

The Davenports spent four months in Europe in the autumn 
of 1902 collecting Pecten shells for statistical studies of geo- 
graphical variation, and visiting many marine laboratories from 
Bergen to Naples. It was on their return to Chicago at the eirf 
of that year that the writer first met them. Though I took no 
courses with Davenport, I could speak with him, first of all, of 
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hi^ earlier letters requesting me to collect Pectcn for him in 
Puerto Ricn. and saw him often at the weekly departmental 
"Seminars." Twelve years later I became a member of the 
staff which he brought together at the Department of Experi- 
mental Evolution. This association lasted 20 years; and there- 
after, during 10 years of his retirement, we were neighbors and 
associates. Davenport's letters to the Carnegie Institution 
continued in volume until October 1903, when he got unofficial 
word of his prospective appointment as director of a Station 
for Experimental Evolution to be formed by Carnegie Institution 
at Cold Spring Harbor. The official appointment was made on 
January 19, 1904, when Davenport was already in Cold Spring 
Harbor. Of this period MacDowell writes : 

"The position was secure, but the program was as ill-defined 
as it had always been, and as it was to remain. The issues of 
the campaign had been geographic and personal; the specific 
experiments that were to solve the problems of evolution had 
been subordinated as relatively unimportant details. Varying 
lists of experiments had been proposed, but the differences in 
the successive lists did not represent progressive critical thought. 
So a laboratory was established with a staff and a building 
but without a well-planned program. In March, the director 
wrote, *I have little notion of just what we shall do. We shall 
reconnoiter the first year. . . . My own work will be largely 
a reconnaissance of capacity for maintaining, breeding and cross- 
ing wild animals in captivity and also the study of the be- 
havior of unit characters in hybridization of domestic races of 
birds/ . . . 

"In the early years of the new laboratory, Davenport person- 
ally undertook breeding experiments with snails, mice, house 
flies, moths, sow bugs, trout and cats; but publishable results 
were not obtained, owing, in most cases, to difficulties with 
breeding techniques. Canaries and chickens, however, did breed 
and provided the basis for four beautifully illustrated publica- 
tions. These, with a series of papers with E. G. Ritzman on 
sheep, constitute his major experimental contributions to 
genetics. There were, besides, a large number of brief notes, 
annual reports, reviews and addresses on animal genetics. The 
chicken papers represented a real advance over the quality of 
the previous work, although the meticulous oriental accuracy 
of the illustrations, painted by Morita, was missing from the 
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tables. The canary paper gives shocking evidence of speed too 
great either for consistent tables or for sound logic. Such 
speed, with such effects, became habitual," 

From 1900 to 1904 Davenport had bred rake of all the basic 
colors without finding a genetic interpretation ; he accordingly 
concluded that there were unquestionably broader principles of 
heredity than those discovered by Mendel. He continued to 
hold this doubting attitude toward Mendelism until the support- 
ing evidence began to appear from all sides and Bateson visited 
him. But as soon as the general acceptance of Mendelism was 
apparent, he became a staunch supporter and proceeded to make 
human applications. 

Soon after Davenport's appointment as director of the new 
laboratory Prof. E. B. Wilson, of Columbia University, was 
appointed a special adviser of the Carnegie Institution on the 
organization and work of the laboratories then being established 
at Cold Spring Harbor and Dry Tortugas. In this capacity 
Wilson wrote a letter to Davenport suggesting a conference. 
This letter was curtly dismissed as "interference," and it seems 
that Wilson made no further attempt to fulfill his mission with 
respect to this laboratory. 

With Gertrude C. Davenport as senior author a series of 
papers began to appear in 1907 on human heredity color of 
eye, skin and hair, and hair form. At this time only one of 
his four publications on avian genetics had appeared in print. 
Concerning this shift of his interests Davenport wrote (Annual 
Report, Carnegie Institution, 1909) : "Although not strictly 
within the scope of experimental work the necessity of applying 
the new knowledge (laws of heredity) to human affairs has 
been too evident to permit us to overlook it." Thus began the 
active interest in eugenics which was soon to terminate his 
participation in genetic experiments, but which made him the 
leading exponent of eugenics in America. 

In 1910 Davenport succeeded in persuading Mrs. E. H. Har- 
riman to provide funds for the establishment of the Eugenics 
Record Office at Cold Spring Harbor. Ultimately her donations 
totaled considerably more than half a million dollars. In 1918 
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a simplification of administrative matters was brought about by 
the Carnegie Institution in accepting from Mrs. Harriman the 
ownership of the Eugenics Record Office. The work of the 
Record Office was maintained until about 1940, and thereafter 
abandoned. In the administration of the Eugenics Record 
Office, Davenport was assisted by Dr. H. H. Laughlin as 
superintendent until 1921 (when this Office was combined with 
the Station for Experimental Evolution to form the Depart- 
ment of Genetics) and thereafter as assistant director. 

As a zoologist and geneticist Davenport knew, and greatly 
aided in the dissemination of the doctrine, that the germ cells 
do not belong to a person in quite the same way as does his hair 
or his stomach ; that the way a person reacts to a given stimula- 
tion is determined by the germinal determinants that have fallen 
to his lot and to the training and experience that have favored 
or repressed the complete development and fruition of such 
determinants ; that men are genetically unequal ; that medicine 
and philanthropy tend to preserve the biologically unfit ; and that 
race mixture, unselected immigrants, and unequal rates of repro- 
duction in various native groups, all affect the future welfare 
of our nation. Indeed, such factors are of basic concern to the 
human race. 

The Davenport eugenics creed, in abbreviated form, is given 
herewith : 

"I believe in striving to raise the human race to the highest 
plane of social organization, of cooperative work and of effective 
endeavor. 

"I believe that I am the trustee of the germ plasm that I carry, 
that this has been passed on to me through thousands of genera- 
tions before me ; and that I betray the trust if (that germ plasm 
being good) I so act as to jeopardize it, with its excellent possi- 
bilities, or, from motives of personal convenience, to unduly limit 
offspring. 

"I believe that, having made our choice in marriage carefully, 
we, the married pair, should seek to have 4 to 6 children in order 
that our carefully selected germ plasm shall be reproduced in 
adequate degree and that this preferred stock shall not be 
swamped by that less carefully selected. 

"I believe in such a selection of immigrants as shall not tend 
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to adulterate our national germ plasm with socially unfit traits. 
"I believe in repressing my instincts when to follow them 
would injure the next generation.'* 

The personal characteristics of Davenport, the mature man 
and investigator, have been made partly apparent in the pre- 
ceding pages. Earlier and later ventures and accomplishments 
in his career may be better understood if some further statement 
is made concerning his personality. Davenport worked with 
great independence and with intense application. Only about 
10 percent of his total of approximately 439 publications (in- 
cluding abstracts, etc.) were written in collaboration with others. 
G. H. Parker relates that while in the Harvard Laboratory, 
Davenport wore, as he bent over his microscope, a large eye- 
shield on which was inscribed "I am deaf, dumb, and blind." 
This effort to exclude all external disturbance during his work 
continued during his entire life. He was often writing in his 
office at 6:00 A. M. He daily took long walks, using a rapid 
stride; and walks of five, ten, and even fifteen miles were some- 
times taken to catch trains, attend meetings, or do errands. 
Throughout life he maintained a boyish eagerness and enthusi- 
asm. Though lean and nearly six feet tall he showed little or 
no evidence of the dyspepsia which, in some degree, he had 
throughout most of his life. He was practically devoid of man- 
ual skill, except at drawing (illustration of his own early scien- 
tific papers). He was shy, and as MacDowell concludes, 
consciously or unconsciously contended against marks left by 
his boyhood repression and sense of inferiority. He had an 
insistent urge to write, and some of his scientific work suffered 
from being written before it was properly prepared and digested. 
He freely and effectively gave of his time to young biologists who 
sought his aid. He did not seek, nor often accept, the advice 
of distinguished biologists or his staff concerning policies of 
high importance. At his home he was charming and hospitable, 
ready to converse on one or more of many things uppermost 
in his mind on his walks, or on topics of interest to his guests. 

Several published criticisms, sometimes severe, of parts of 
Davenport's work in avian genetics, eugenics and in anthropology 
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are very difficult to refute. Nevertheless it must he admitted 
that the feverish and multiform activity which characterized 
Davenport's life resulted in large gains to the several areas of 
zoology, biometry, ecology, genetics, eugenics and physical an- 
thropology. This is an impressive reward for a lifetime of 
unflagging effort. Davenport was unquestionably one of the 
leaders of biology in his generation ; and his generation was one 
in which biology made phenomenal advances. It is almost cer- 
tain that this leadership resulted mainly from his abilities as a 
promoter and organizer and less from his abilities as a scientific 
investigator. Administrative posts certainly aided him in the 
attainment of eminence, but from the standpoint of most of his 
superiors and subordinates he lacked the skills and traits of an 
administrator. His was an unusual personality, and he was 
peculiarly unable to estimate or sense the personalities of others. 
He recorded himself as of "nervous" temperament. In his 
promotional efforts, even where apparently or temporarily suc- 
cessful, it is probable that science was sometimes ultimately the 
loser ; a lack of balance in Davenport's several abilities markedly 
limited the magnitude of his total contribution to science. Yet 
he achieved much more than personal success ; he expanded sev- 
eral sides of his many-sided science. 

In 1909, and several times later, Davenport again spent several 
weeks in Europe. At the outbreak of World War I he was 
attending a meeting of the British Association in Australia ; this 
trip involved short stops at islands of the Pacific where, he noted, 
the native population stimulated his interest in anthropology. 
Later trips were made to Yucatan, Jamaica, and parts of Canada, 
all in pursuit of specific problems in race-crossing, eugenics and 
anthropology. 

Man remained Davenport's subject from 1907 for the rest of 
his life, excepting a brief return to experimental work in 
1925 and 1927 (mouse endocrines). 2 The publication of "He- 
redity in Relation to Eugenics," in 1911, presented evidence 
on a wide range of human traits. While this was impressive, 

s Immediately succeeding statements are taken with little change from 
MacDowell's biographical study. 
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its continued usefulness was reduced by its hasty prepara- 
tion and the lack of critical judgment in lumping together, 
indiscriminately, cases with ample and with insignificant evi- 
dence. The topics of Davenport's special studies were like- 
wise highly diverse. Besides the more familiar subjects of 
stature, body build and longevity, he investigated goiter, otoscle- 
rosib, neurofibromatosis, pellagra, epilepsy, mental disorders, 
temperament, mental attributes of naval officers, mongoloid 
dwarfs, twinning, sex-linkage, and race crossing. The implica- 
tions of eugenics for state, church, medicine, and society in gen- 
eral were discussed wherever he could find a platform and an 
audience. His scientific background and associations gave him 
the prestige of an authority in the eyes of those inclined to 
accept his position on the social and political aspects of eugenics. 
But the opposition of many, instead of quickening the search 
for more accurate and convincing evidence, called forth a de- 
fensive attitude which led to exaggerated emphasis and dulled 
objective thinking. 

Through the initiative of a Committee on Anthropology of 
the National Academy of Sciences, Davenport was commissioned 
(1918) as a major in the Sanitary Corps and assigned to the 
Surgeon General's Office to summarize the physical records of 
recruits, with Lt. Col, Albert G. Love, M.D. Working through 
the greater part of the year in Washington, with frequent visits 
to Cold Spring Harbor to keep things going, Davenport co- 
operated in the preparation of four volumes largely filled with 
tables and graphs showing the frequency of the different condi- 
tions and defects recorded and their geographical distribution. 
This work gave an anthroponietrical trend to Davenport's inter- 
ests that grew and occupied more and more of his time, espe- 
cially after retirement. By measuring institutionalized children 
as they grew, notably those at Letchworth Village, X. Y., he 
collected data for extensive studies on growth curves and 
changes in proportions accompanying growth. With the hope 
of creating renewed interest in child development, he published, 
in 1936, "How We Came By Our Bodies," a popular book 
of 401 pages and 236 illustrations describing, from the stand- 
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point of current sciences, the course of development and the 
role and origin of genes. 

At the time the work on army records began, Davenport had 
been directing simultaneously three institutions at Cold Spring 
Harbor for a period of eight years. During this time the grow- 
ing concentration of his interest in eugenics did not prevent the 
material expansion of all three laboratories. The Eugenics 
Record Office had acquired a new building; so had the Station 
for Experimental Evolution, as well as an enlarged staff; the 
Biological Laboratory gained an endowment fund. The associa- 
tion of the three laboratories seemed to offer great strength; 
each had its own field and each had much to gain from the 
others. The one director for all seemed to guarantee effective 
cooperation. The vision and the goal were excellent, but the 
requirements for realization were not recognized. To secure 
support, put up buildings, and engage workers is not enough. 
There remained the need of fostering the integration of the 
work of highly individualistic investigators, in itself a biological 
problem of the highest order of complexity. Further, the suc- 
cessful administration of three adjacent laboratories with differ- 
ing financial status, and governing boards with different points 
of view, called for extraordinary scrupulousness, tact, and under- 
standing to avoid pitfalls. Instead of integration within and be- 
tween the three laboratories, difficulties continually arose that 
blocked effective cooperation. Davenport gave his time and 
energy to the limit, but the days were not long enough to satisfy 
all the claims on his attention ; and every move involved a choice, 
deliberate or not, between competing loyalties loyalties to dif- 
ferent institutions, to staffs, to family, to friends, to innumerable 
outside interests, to his early training, to his scientific ideals, 
his ethics, his objectives. 

There was no time for, and, indeed, seemed to be little interest 
in, the deeper general significance of even his own studies. Thus, 
for the groups of scientists he had assembled he did not provide 
leadership on a philosophical plane. He did not inspire the 
mutual confidence on which the most effective operation of a 
group depends. He was criticised at home and abroad, but he 
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could not accept criticism objectively. His intolerance of criti- 
cism was frankly enough admitted by himself, but in the presence 
of those who might criticise, he became increasingly silent, con- 
strained, and ill at ease. This applied to many colleagues, and 
especially to those of his own strong staff at the Station for 
Experimental Evolution, in whom an insidious atmosphere of 
apprehension was developed by his practice of saying little and 
announcing plans by action. 

At the urge of Carnegie Institution, Davenport, still partly 
engaged in the Surgeon General's Office, resigned from the 
directorship of the Biological Laboratory (1923). This and the 
earlier consolidation of the other two laboratories at Cold Spring 
Harbor failed, however, to concentrate Davenport's activities. 
Following this retirement he accepted even broader responsibili- 
ties. At precisely this time the Brooklyn Institute of Arts and 
Sciences wished to relinquish its control of the Biological Labora- 
tory; arid so Davenport planned, solicited memberships and 
funds, and incorporated the Long Island Biological Association 
to assume ownership of the laboratory. Officially he was only 
its secretary, but he remained its leading spirit. 

In discharging his duties as director of the Biological Labora- 
tory, Davenport gathered around him each summer a body of 
enthusiastic young workers whose biological growth was shaped, 
as noted by G. H. Parker, by his example rather than his pre- 
cepts. These workers were to him as apprentices to a master. 
In this way Davenport exerted during twenty-five years a gen- 
erous and salutary influence over many growing biologists. 
These new recruits not only became interested in Davenport's 
field of research, but often added materially to the solution of 
its problems. In later years he attempted, with slight or partial 
success, to establish some all-year-round researches in that 
institution. Still later, and after summer classes had been 
abandoned, he assisted in arranging for each summer a short 
conference of specialists on some live biological topic, and for 
publication of the addresses and discussions in a volume of a 
now thriving series known as Cold Spring Harbor Symposia on 
Quantitative Biology. 
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Fascinated by organization since boyhood, Davenport never 
stopped organizing. Besides the Long Island Biological Asso- 
ciation, he was a founder of the Galton Society, the Aristogenic 
Association, the Eugenic Research Association, the Tax Payers 
League, the Cold Spring Harbor Whaling Museum. At Chicago 
he was involved in an attempt to form a Western Branch of the 
American Society of Naturalists. Membership in a society 
usually meant action ; it might mean committee work, collection 
of funds, or reorganization. He held many offices, including 
the presidency or vice-presidency of ten societies. MacDowell 
has classified his 64 memberships as follows : natural history 
(6), zoology (5), genetics (2), eugenics (7), anthropology (5), 
medicine (5), general science (n, nine being foreign), civic 
(10, several of these "Tax Payers"), social (5), and miscel- 
laneous (8) . Three societies awarded him honorary membership 
and one an honorary presidency; he was a Gold Medalist (1923) 
of the National Institute of Social Sciences ; he was elected to 
the National Academy of Sciences in 1912 and to the American 
Philosophical Society in 1907. 

The boy editor never stopped editing. He was on the editorial 
boards of Biometrika, Journal of Experimental Zoology, Zeit- 
schrift Fur Rassenkunde, Zeitschrift Fur Menschliche Verer- 
bung Und Konstitutionslehre, Psyche, Journal of Physical 
Anthropology, Eugenical News (which he started in 1916), 
Growth, and Human Biology. His projected Archives of 
Heredity and Variation, and Biological Journal did not appear. 

The real estate office boy, as noted by MacDowell, never lost 
his delight in real estate transactions. He knew procedures ; he 
could write a deed and survey a lot. At Harvard he bought for 
his family a house and lot that kept him in debt for many years. 
A lot was bought in Chicago early in 1902 ; six acres and a house 
on the shore at Cold Spring Harbor were bought personally in 
March, 1904, to rent to laboratory personnel and to build apart- 
ment houses for them. Next year a ig-acre farm was purchased 
in Mrs. Davenport's name, and property was later bought in 
nearby Syosset. The last purchase that Davenport negotiated 
was a tract of 32 acres for the Biological Laboratory. He so- 
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licited funds, arranged an exchange of Carnegie Institution 
property, steered the transaction, and had the property mapped 
out for a new community of biologists' homes. During the next 
twelve years only one such home was actually built. 

On retirement (1934) a room in the Eugenics Record Office 
was assigned to Davenport, who became an Associate of the 
Carnegie Institution, with a grant for the completion of his 
anthropometrical studies. During his last ten years he wrote 
forty-seven papers, a hook, and the fourth edition of his "Sta- 
tistical Methods." Three of these papers were published 
posthumously with the editorial supervision of Dr. Morris 
Steggerda. He took an active part in civilian defense as an Air 
Raid Warden of the Nassau County Defense Council and gave 
many hours to plane spotting as a Recognized Observer of the 
Ground Observers Corps of the Army Air Forces. Davenport 
was survived by his wife, and by his two daughters, Mrs. 
Millia Crotty Harkavy and Mrs. Jane Joralemon di Tomasi. 

During his last years a district school was built across the 
road from his home. Here he spent much tim? talking to the 
classes on many subjects. He would take the children to gather 
frogs' eggs each spring; they would eat their lunch together by 
the pond and have a happy time. With them there was no de- 
fense and no embarrassment, and here he was content. Those 
children probably saw more clearly than anyone else the relaxed, 
unrepressed Charles Davenport, and they adored him. 

In January 1944, it was learned that a killer whale had been 
beached at the eastern end of Long Island, and Davenport de- 
termined to secure its skull for the Whaling Museum at Cold 
Spring Harbor, of which he was Curator and Director. Many 
difficulties were overcome in moving the head to his home. In- 
stead of using the slow but easy method of maceration in a pond 
he undertook to boil it, and for a fortnight he labored far into 
the nights in the intense heat of a cauldron in an open shed, with 
the bitter winter pressing in from all sides. He caught a cold 
and still worked on. The job was far from finished, when 
pneumonia developed. He had asked too much of his great 
ability to work. He died on February 18, 1944. 
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FRANK MICHLER CHAPMAN 

1864-1945 
BY WILLIAM KING GREGORY 

HEREDITY, ENVIRONMENT AND CULTURE 

Frank Michler Chapman was born in what is now West Engle- 
wood, New Jersey, on June 12, 1864. The family home was 
an ample country residence, with wide lawns, fine old trees 
and high formal gate posts. This home was set in the midst 
of a large and prosperous farm, in a region abounding in woods 
and ponds, orchards and wide fields. The region was then a 
veritable paradise for birds; it was also an ideal environment 
for a child who grew up to be a most eloquent apostle of the 
birds and a faunal naturalist of immense achievement. 

The home farm had been purchased from its Jersey Dutch 
owners in 1863. I* was successfully run and developed under 
the general supervision of Frank's maternal grandfather, Chester 
Parkhurst. He was a retired physician whose ancestors came 
from Chelmsford, Essex, England. 

Our best sources of biographic material are Chapman's de- 
lightful Autobiography of a Bird Lover (1933), his Camps and 
Cruises of an Ornithologist (1908) and his array of books, 
monographs and special reports upon the birds and bird faunas 
of North and South America. 

Frank's mother, Mary Augusta (Parkhurst) Chapman was 
an ardent lover of flowers and a "bora musician." "Always," 
he writes, "she had a garden and at fimes a small conservatory, 
and music was as much a part of our daily life as food/* Her 
mother, Mary (Johnson) Parkhurst was also a "born musician." 
"It appears" {Autobiography) "that I have to thank . . . my 
mother and her mother for that love of music through which 
birds make their strongest appeal to me. Long before I had 
any desire to know their names I was deeply responsive to the 
songs of birds. Doubtless this pronounced trait, combined with 
a love of hunting which is the birthright of most boys, may 
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have helped to produce that intense interest in birds which is 
my most distinguishing characteristic/' 

Frank's father, Lebbeus Chapman, Jr., was the senior mem- 
ber of a New York law firm and counsel for a large bank. 
He was a veteran of the Civil War, a very busy and much 
sought-for man, with many professional and civic duties. But 
until the time of his death in 1876, he was the close friend of 
his young son. His father, in turn, was a banker and was the 
author of Chapman's Interest Tables. The incredible industry 
and application of this man is shown by a neat manuscript copy 
of the entire Bible, comprising 1467 quarto pages. 

Such in general were the parents, relatives and ancestors of 
which Chapman later wrote English on both sides, so far as 
he could learn, for three centuries past, except for one lone 
Irishman. The latter, we may imagine, contributed something 
to Chapman's sensitivity and to his love for lyric music. Chap- 
man's middle name, Michler, a friend informs me, is that of 
an old Pennsylvania family of German origin which migrated 
southward into Georgia. Nathaniel Michler who wrote the 
report on a survey for a Panama canal (1861) was a close 
friend of Chapman's father. 

As a small boy Frank read the Leatherstocking Tales and 
similar stories. He loved to roam in the woods, listening to 
every bird call to which his inner ears were keenly attuned, 
and doubtless stealthily following and approaching the elusive 
birds. When cherries were ripe he used to perch quietly in a 
certain cherry tree and, as he says, "share the feast with the 
Cedar Wax Wings." Or he would climb the rafters of the 
barn to the cupola and peer out for new arrivals. 

But by what steps did this childhood play lead so directly to 
his career as an outstanding ornithologist, as a leader in science, 
in education, and even in social service? His deep love of 
music, his strong emotional response to the thrill of a bird-song 
and to the lure of a bird's flashing image were leading factors 
in his development; but so also were the strength and per- 
sistence of his hunting and collecting tendencies, together with 
his progressively constructive intelligence, which delighted in 
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planning and making or organizing something new, from a kite 
or a chicken coop to a boy's baseball club. From his birth 
onwards he was surrounded by a loving and appreciative family, 
parents, aunts, uncles and a beloved sister, who collectively pro- 
tected him from the distracting man-made life in the city and 
consistently encouraged his interest in birds. Xor did they fail 
to encourage in him friendliness with modesty, good manners 
and a strong sense of fairness. 

For ten years he attended school at Englewood (except for 
one term in Baltimore). At the Englewood Academy he was 
taught what were then considered to be the essentials of a 
sound education. When he graduated, at the age of sixteen, he 
did not choose to go to college and evinced a lack of enthusiasm 
for a system of education in which Nature, as a system, was 
practically ignored. At that youthful age, already thirsting for 
more and wider contacts with the world of birds, he perhaps 
did not realize that especially during the years at the Englewood 
Academy he was learning at least to* write English well and 
clearly, or that he was acquiring the conventional background 
upon which he built so well his later career as author, lecturer 
and scientist. Nevertheless, it was no doubt fortunate that he 
did not go to college, for if he had done so he would have been 
more completely conditioned by the routine classical education 
of the period of 1880. His early drive toward bird study, bird 
hunting and exploration might have been crowded out by other 
interests. Moreover a college education might have interfered 
with his own highly productive results in self-education, in 
which his studies were motivated by his expanding needs. 

As a young and isolated student of birds he had to learn 
almost everything by experience, gradually picking up the local 
names of birds, as well as the technical terms of ornithology. 
A kind uncle gave him Johnson's Natural History, in two large 
volumes with 1500 woodcuts and for ten years this was his 
only bird book. But its well studied text prepared him to 
appreciate the Key to North American Birds by Elliott Coues, 
which he acquired later. 
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BUSINESS VERSUS VOCATION (1880-1886) 

In 1880, four years after the death of his father, he graduated 
from the Englewood Academy at the age of sixteen. "I had 
no call," he relates, "for any work or profession, my school life 
had awakened no special interests, but it was essential that 
I do something and, in default of other openings, I entered the 
American Exchange National Bank of New York, of which 
my father had been counsel. I remained in this bank for six 
years as a member of its city collection department. For the 
first time I now learned the meaning of the word work. In 
order to reach my desk at 9 a.m. I was obliged to leave home 
at 7 130 and the day's duties were not finished until our current 
accounts were proved. Usually this was about 5 o'clock, but 
it was often later and there were periods in 'coupon time' when 
night after night I did not leave the bank before midnight. 

"The work was diversified, not without interest, and brought 
a growing measure of responsibility. It gave me a general 
knowledge of business methods, taught me to be prompt and 
made me far more orderly than I had been before all good 
training for a naturalist and particularly for a museum man. 

"Saturday half -holidays were then unknown and, aside from 
my annual vacation of ten days, Sundays and holidays were my 
only free days. There was, therefore, small opportunity for 
the development of my interest in birds. But on my journeys 
to and from New York I frequently met on the train Frederick 
J. Dixon of Hackensack, a man about ten years older than 
myself who knew more about birds than anyone with whom I 
had previously come in contact. He had a copy of the first 
(1872) edition of Coues' Key and a small collection of ex- 
ceedingly well mounted birds. Furthermore he was a genuine 
lover of nature and a man of much personal charm. In him 
I found for the first time someone who fully understood my 
tastes and with whom I could talk birds. He could answer ques- 
tions ; he taught me how to make a bird skin." 

A hardly less important link to his own future was supplied 
by his friend Clarence B. Riker, who could mount birds well 
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and who later made two journeys up the Amazon River to 
collect birds. Gradually the bonds that tied him to ornithology 
strengthened, even as his effective labors in the bank business 
brought him advancement there. 

In the spring months of 1884, while still working full time 
at the bank he took part, as a volunteer, in a survey of bird 
migrations, initiated in Washington. The Atlantic Division 
of the Committee on Bird Migration of the American Orni- 
thologists' Union was in charge of Dr. A. K. Fisher to whom 
Chapman ventured to offer his services. "This step," he 
writes (op. cit. p. 32), "determined my future. For the first 
time I was brought into direct communication with a profes- 
sional ornithologist, and I doubt if one could have been found 
who would have shown more patience with my ignorance or 
devoted more time to my guidance. In a close friendship, 
which has now extended nearly fifty years, I have always called 
Dr. Fisher my "ornithological godfather'." 

But how was he to secure the necessary data on the mi- 
gratory movements of birds and put in a full day's work at the 
bank? "Fortunately," he writes, "my environment permitted 
me to serve both birds and Mammon. At this time the station 
of West Englewood, on the West Shore Railroad, distant about 
half a mile from my home, was in the heart of as good col- 
lecting ground as there was in the New York City region, The 
woods surrounding it stretched for miles north and south, f orm- 
ing a highway for the diurnal journeys of migrating birds. 
The numerous roads and farm lanes of the PHelps' estate made 
them as easily penetrable as a park. A novice could not have 
found a better place in which to record the migration, supple- 
menting his observations, when need arose, with specimens. 

"From March loth to May 23rd following, with the excep- 
tion of Sundays and one day off, I went through the motions 
of a bank clerk, but for the whole period I lived, thought and 
dreamed the life of a bird student. Each morning I arose at 
daybreak. A cup of coffee, made the night before and heated 
over an alcohol lamp while I dressed, helped me to swallow 
two slices of bread. Then with my gun I was off for the 
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woods. My route was planned to bring me to the railroad 
station at 7:30 when the dress of the hunter was hurriedly 
changed for that of the bank clerk and I boarded the 7 139 train 
to begin what seemed like another existence. 

"At night, on returning from the city, if time permitted, I 
again went to the woods for a brief outing before dinner. After 
dinner there were speciinens to skin and notes to write, when, 
without urging, I went to bed as part of the preparation for 
the next day. 

"My records, kept by the roll call and journal system, show 
that of the seventy-five days included in the period mentioned I 
went afield sixty-nine, for a total of 171 hours and 21 minutes* 
observations, or an average of two hours and twenty-nine 
minutes daily. Besides Sundays I was absent from the bank 
only one day (May I5th), which I celebrated by collecting a 
specimen of Brewster's Warbler, the climax of an experience 
which; in absorbing interest and stimulating excitement, has not 
been equaled in the succeeding nearly fifty years. . . ." 

His report on 103 species from the restricted West Shore 
area was finished on time and forwarded to Dr. Fisher. "In 
due time came his official acknowledgment. The verdict of 
my initial venture in ornithology was in my hands. Had I 
succeeded or failed ? I hesitated to learn, and it was not until 
I had reached the seclusion of the orchard that I ventured to 
open it. I recall the apple tree under which I stood when with 
inexpressible elation I read that my report was the best one 
that had been received from the Atlantic District." 

FREEDOM AT LAST (1886) 

For two years longer he continued to serve the bank, no 
doabt faithfully and well, but on his Sundays, holidays and 
evenings he was building up his contacts with the worlds of 
birds and men. He joined actively in the campaign of the 
National Attdubon Society against the devastating attack upon 
bird life of the millinery trade, which was engaged in whole- 
sale slaughter of nesting egrets, thrushes, warblers and other 
birds. Especially after his promotion to be in charge of the 
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bank's city collecting department it became evident, he notes 
"that there would soon be a serious conflict between the bank 
clerk and the bird man." In the fall of 1886, with the full 
consent and cooperation of his mother and in no way disturbed 
by the "forebodings*' of his "mystified colleagues," he resigned 
his position in the bank. 

At last he was free to attend the Congress of the Ornitholo- 
gists' Union in Washington, to lay plans for collecting in Florida, 
to fit up his workroom in his mother's winter home at Gaines- 
ville amid the pines and sand of North Central Florida. At 
Alachua Lake, near by, he was thrilled by the diversity of land 
and water birds. By May 1887 n * s collection included 581 
Florida birds; and he had trapped many gophers on what is 
now the site of the University of Florida. 

Returning to Englewood for the summer months he took 
his collection to the American Museum of Natural History for 
study and identification, sharing a room there by invitation of 
Mr. George B. Sennett, of Erie, Pennsylvania. Mr. Sennett 
had a considerable collection of Texas birds, upon which he 
was preparing a book. After Chapman had completed the 
assortment of his own collection, he devoted one half of each 
work day to assisting Mr. Sennett for the sum of one dollar a 
day. The other half of each day he gave to Dr. J. A. Allen, 
the curator of birds and mammals, who was then happily im- 
mersed in assorting the Lawrence Collection of 8,000 Central 
and South American birds. 

"The days were now too short, Although master of my own 
time I traveled on the same trains to and from Englewood 
that I had used as a bank clerk. But with what a difference I 
approached my desk . . . No two days were alike, the char- 
acter of the work might be the same but the birds were different. 
Actually dead specimens, they carried the message of living 
ones . . ." In other words he read these "feathered docu- 
ments," as he afterward called them, with as clear a purpose as 
that of an epigrapher deciphering an inscription or of a palaeon- 
tologist studying a trilobite. 
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His first scientific paper, published in the Auk in January, 
1888, recorded the results of his observations on the nocturnal 
migration of birds, as seen through a friend's 6-inch telescope 
against the glowing surface of the full moon's disk. The paper 
was presented at a meeting of the American Ornithologists' 
Union and was the first of about two hundred technical papers 
and notes, in addition to twenty books. About this time he 
was already taking photographs of living birds, using "a crude 
shutter made from pieces of a cigarbox and a rubber band," 
and thereafter many of his books and papers included his beau- 
tiful photographs of birds in their own environment. 

MUSEUM CALL (1888) 

He was about to start, with Charles B. Cory, in a stern- 
wheel flat-bottom houseboat, on a collecting expedition to Lake 
Okeechobee, Florida, when he received a climactic letter. "It 
was from Dr. J. A. Allen offering the position of his assistant 
in the American Museum. I read it at the lunch table and 
it was several moments before I could sufficiently compose 
myself to tell my companions [the Corys] of its contents." With- 
out hesitating he resigned from the Okeechobee party and, 
taking the first available train north, reported for duty at the 
Museum March I, 1888. 

At the Museum he continued the cataloguing and identifica- 
tion of bird collections upon which he had previously worked 
as a volunteer. "Then began an association [with Dr. Allen] , 
which so far as our professional relations were concerned, was 
like that of father and son, rather than that of a curator and 
his assistant." Chapman modestly says : "I came to Dr. Allen 
with only a beginner's knowledge of local birds and had every- 
thing to learn concerning the more technical side of ornithology. 
There was no one under whom I could have worked and 
studied more profitably. For nearly twenty years our desks 
were side by side." Dr. Allen in turn found in Chapman the 
ideal assistant and colleague. 

Then followed more than half a century of crowded joyous 
years, with ever widening activities and higher horizons both 
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for the "apostle of the birds" and for those who came under 
his genial influence. 

At the time when Dr. Allen called Chapman to be his assist- 
ant the American Museum department of birds and mammals 
had a large exhibition hall containing many thousands of birds, 
each one mounted on its own stand, arranged systematically in 
seemingly endless rows, on bluish white shelves. Experience 
gradually showed that this "dictionary type" of massing -soon 
tired almost everyone except the bird expert. Before long Dr. 
Allen delegated to his willing assistant the problem of improving 
the educational value of the Museum's bird exhibits. 

Chapman early began to install an exhibit of the birds of 
New York City and environs. Later he divided the great mass 
of birds in the central bird hall into two sections on opposite 
sides of the hall. On one side, the birds were arranged according 
to major geographic regions, on the opposite, according to 
their supposed relationship in orders, families, genera and 
species. 

After a while he began to deliver popular lectures on birds, 
illustrated largely with lantern slides from his own photographs. 
These slides, he tells us, had been beautifully colored by his 
mother who continued to aid and encourage him in all his labors. 
In the winter seasons, starting from his mother's home in Gaines- 
ville, Florida, he made numerous field trips to collect small 
mammals and birds; thus he went to various localities in Florida, 
Texas, Cuba, Trinidad, B. W. L, Yucatan and Vera Cruz, 
Mexico, and later to many countries in South America. The 
story of his local expeditions in the United States and of his 
one visit to England is told in his Camps and Crwses of an 
Ornithologist (1908) and much later his many expeditions to 
Mexico, Central and South America are dealt with in his all 
too brief, authentic Autobiography of a Bird Lover (1933). 
Unfortunately, in the present short sketch of his amazingly di- 
versified and yet unified career these earlier expeditions can 
only be referred to in passing. 
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THE AMERICAN ORNITHOLOGISTS' UNION AND THE 
AUDUBON SOCIETY 

Chapman took a very active part in both these organizations 
soon after they were founded; the former in 1883. In 1894 
he was appointed associate editor of The Auk, organ of the 
A.O.U., in 1899 he established Bird-Lore for the Audubon 
Society, serving continuously as its editor for more than 34 
years. He also served actively on the Board of Directors of 
the National Audubon Society, and was elected its Honorary 
President in 1945. 

MRS. CHAPMAN "SIGNS ON" (1898) 

At the beginning of the second decade of his Museum life 
Chapman was married (February, 1898) to Fannie Bates 
Embury. Their wedding journey was to Oak Lodge on the 
Indian River, Florida, conveniently near a certain island which 
yielded a series of a rare species of sparrow. At Mrs. Chap- 
man's suggestion materials for a Brown Pelican group were 
also collected near by. To Chapman's "mixed astonishment 
and joy" his bride proved to be singularly adept in skinning 
both small birds and large ; she was, in fact, an ideal assistant 
preparator and, like his mother, she devoted herself to further- 
ing his career. A year later (1899) the Chapmans journeyed 
north to Bird Rocks in the Gulf of Saint Lawrence, where they 
collected materials and photographs for the group illustrating 
colonial bird life of the auks, gannets and other oceanic birds. 

During his first ten years at the Museum (1888-1897) Chap- 
man published thirty-four papers on birds and eleven on mam- 
mals. His Handbook of Birds of Eastern North America 
(1895) and his Bird-Life: A Guide to the Study of Our Com- 
mon Birds (1897) also fall within this decade, as does his Visi*- 
tw>$ Gwde to the Collection of Birds Found within Fifty Miles 
of New York City. The Handbook of Birds of Eastern North 
America (1895, 1932} won high praise from Elliott Coues, 
William Brewster and other authorities and went through sev- 
eral editions. All his popular books and papers were welcomed 
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alike by scientists and amateurs and they opened doors to the 
world of birds for thousands of intelligent readers. Several of 
his papers dealt with bird migration and its origin, which was 
one of the main problems that led to his far-flung expeditions. 

THE GALLERY OF NORTH AMERICAN BIRDS 

Early in the "second period" (1898-1910) of his Museum 
service, by enlisting the generous support of John L. Cad- 
walader, he was able to make a marked advance in the art of 
bringing into the Museum the illusion of outdoors, at the same 
time showing the bird in relation to its haunts. This ambitious 
plan began to be realized in 1901 in the relatively large mounted 
group illustrating the seashore of Cobb's Island, Virginia, with 
its nesting skimmers and other birds. The adult Black Skim- 
mers are conspicuous against the sand, but their protectively 
colored young, when spreading out flat at the danger call of 
their mother, are very hard to detect, even at close range. The 
painted background in this habitat group was a novelty and 
was criticized by some as too dramatic. But no one could say 
it was not true to Nature, and under Chapman's hands the 
painted background for large groups was steadily developed. 

The success of the Cobb's Island group brought added sup- 
port for Chapman's project for an entire gallery of habitat 
mounted groups of North American birds in their natural en- 
vironment. For the completion of this project ten years of 
work and many field trips were necessary. The visitors to this 
gallery make, as It were, an extended tour of North America 
from the Palisades of the Hudson River to the Bird Rocks of 
the Saint Lawrence River, through the southern and western 
states to California and Mexico. The most imposing group is 
that showing the flamingos of the Bahamas in the nesting 
season. At the time these groups were constructed they were 
inevitably placed in this gallery, which has low ceilings. The 
potentially majestic scene of Mt. Orizaba, Mexico, was thus 
severely cramped. But it served to point the need for much 
greater dimensions for this and similar types of Museum 
exhibits. 
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After more than forty years all the groups of the North 
American bird gallery are still authentic and invaluable records 
both of the birds themselves and of the regions in which they 
lived. Most unfortunately the main entrance to the gallery in 
which these exhibits are installed is located in a part of the 
Museum which is now reached by few visitors, and of these 
fewer still pass through the dark gallery. 

THE WARBLERS OF NORTH AMERICA (1907) 

After accumulating data on the warblers for many years 
Chapman, with characteristic fairness, had printed on the title 
page "By Frank M. Chapman with the cooperation of other 
ornithologists." 

All 55 of the North American species were accurately and 
briefly defined, including those whose nearest relatives are 
found in South America. The males and females of the North 
American species were illustrated by clear-cut portraits in color 
by Louis Agassiz Fuertes. 

"The wide range of some species/' Chapman writes (ibid., 
page 1 1 ) "makes a geographical analysis of the group difficult, 
but by alloting a species to the region in which it occupies the 
largest area we have the following results : 

South America 40 species 

Galapagos 10 " 

Central America and Mexico 30 " 

West Indies 20 " 

North America 55 " 

Part of the introductory chapter which dealt with the migra- 
tions of warblers was written by W. W. Cooke. He notes that 
the Bkckpolls, which are the greatest travelers among warblers, 
make animal migration trips of between 3500 and 7000 miles 
to their winter so*ea m Brazil and Chile ; also that thousands of 
warblers perish in storms by attempting to cross the Gulf of 
Mexico in a single flight. But why do these persistent little 
birds continue to follow this dangerous route instead of skirting 
the shores along a presumably safer way ? 
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It was largely to secure answers to this and hundreds of more 
detailed questions that Chapman journeyed to so many parts 
of North and South America and sent his co workers and 
assistants to many others. 

CHAPMAN AND FUERTES 

Among the numerous artists who went with Chapman into 
the field and painted backgrounds and bird portraits in the 
Museum none was ever so close to him as Louis Agassiz Fuertes 
of Ithaca, New York. For Fuertes, Chapman had an unbounded 
admiration. Chapman himself was no mean bird mimic, but 
he was amazed at Fuertes' wizardry in calling new birds; he 
rejoiced in sharing with the latter the adventures of the Andean 
mountain trails; he appreciated the tact and diplomacy shown 
by Fuertes in resounding Spanish phrases when dealing with 
pompous customs officials. Finally, Chapman was proud of 
his younger friend's remarkable deftness and productivity in 
turning out bird portraits of impeccable accuracy and with all 
the sprightly outlook of the bird in life. When many years 
later Fuertes was killed (1927) in an automobile crash, Chap- 
man's sorrow was most grievous. 

FAUNAL ZONES OF THE ANDES 

In two of his earlier journeys in Mexico Chapman was deeply 
impressed by the bird life of Mt. Orizaba which was stratified 
in successive zones, each with Its characteristic bird fauna. 
Humboldt had observed the same phenomenon in the Andes but 
Stolzmann in Peru was practically the only one who had made 
accurate observations in this field (Chapman 1933, p. 208). 
Humboldt indeed * fc in determining the relations between alti- 
tudinal and latitudinal climates had shown that as we proceed 
from the Equator toward the poles the mean temperature de- 
creases one degree Fahrenheit with each degree of latitude. But 
as we ascend a mountain, the mean temperature decreases one 
degree with each 300 feet of altitude. That is approximately 
300,000 feet of latitude equal 300 feet of altitude. Climatically 
therefore, we travel about one thousand times faster vertically 
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than we do horizontally." Now the Andes, Chapman reasoned, 
"did not attain their full elevation until the latter part of the 
Tertiary," but [from indirect evidence] it is probable that the 
bird-life of South America, "at least in its major aspects did 
not [then] differ materially from that which exists there today. 
Hence it follows that ... we can not only give the Andes a 
geological birthday but can form a fairly definite conception of 
the character of the avifauna from which the hundreds of species 
of birds that have evolved on them were derived/* "It is con- 
sequently obvious," Chapman continues, "that in a study of 
the origin of life in the Andes we can associate cause and 
effect far more frequently than in those continental areas the 
early pages of whose geological and biological history are lost 
in an incalculably remote past. One asks, therefore, what are 
the factors that determine with such clearness the boundaries 
of these Andean life zones? Whence came the hundreds of 
species that are confined to them ?" 

Such were the general principles and basic problem when in 
1911 Chapman's explorations in the Andes began. During 
six years of exploration which were largely supported by 
friends, especially Malcolm MacKay, Graham Sumner, George 
B. Case and Daniel E. Pomeroy, the Andes were crossed and 
recrossed many times and in various countries, especially Colom- 
bia and Ecuador. Many thousands of birds were collected: 
(i) in the humid Tropical Zone, extending to elevations of from 
3,500 to 5,000 feet, (2) in the Sub-Tropical Zone, up to 8,000 
to 9,500 feet, (3) in the humid or arid Temperate Zone reach- 
ing up to 11,000 to 12,000 feet and (4) in the relatively barren 
Paramo or Puna Zone, which extends to the lower level of 
snow, or, usually about 15,000 feet. Both the flora and fauna 
of the Paramo Zone are remarkably distinct. Nearly all its 
birds are endemic. 

The gradual recognition of these bird zones in Colombia and 
Ecuador came as the result of an enormous amount of field 
work and Museum study, as fully set forth in Chapman's mono- 
graphs on the distribution of bird-life in Colombia (1917) and 
in Ecuador (1926). These zones, to Chapman's great satis- 
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faction (Autobiography, p. 211) agreed essentially with those 
of Wolf in the latter's work on the distribution of plants in 
Ecuador. After prolonged studies, Chapman concluded that 
generally speaking bird populations of the Sub-tropical and 
Humid Temperate zones had been derived respectively from 
their next lower zone. The Arid Temperate and Paramo birds, 
on the other hand, have been derived from birds of the same 
zones in adjacent or distant areas. If from far southward, 
below the Tropic of Capricorn, these zones will be at a lower 
elevation, perhaps reaching sea-level at the southernmost point ; 
but they are not "lower zones," strictly speaking. "The ap- 
parent ancestor of a subtropical, equatorial Motmot, for exam- 
ple, was found in the tropical zone of eastern Mexico. Again, 
an Ovenbird (Cinclodes) of the Colombian Paramo has evi- 
dently originated in Patagonia." 

In 1918 the National Academy of Sciences awarded Chap- 
man the Daniel Giraud Elliot Medal in recognition of his first 
attempt to present the problems of zonal evolution. Three 
years later, presumably in further acknowledgment of his work 
on the Andes, he was elected to membership in the Academy. 
Other medals and honorary membership in learned societies 
came to him in due course. 

THE RED CROSS 

Chapman's ability to tell a great and true story in a modest, 
factual but thrilling way is seen in his brief account of two 
years spent by himself a&d Mrs. Chapman in the service of the 
Red Cross (Autobiography, pp. 274-300). He pays the highest 
tribute to the leadership and organizing ability of Henry P. 
Davison. Mr. Davison was appointed by President Wilson to 
be Wartime Director of the Red Cross. In a relatively short 
time he created out of near-chaos an enormous but effective 
organization of 22 million members; under his leadership over 
200 million dollars were raised for the relief of suffering in 
the afflicted countries of Europe. 

Chapman's job was Director of the Department of Publica- 
tion, for which much of his training as editor and writer and 

125 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXV 

as director of large enterprises well qualified him. Mrs. Chap- 
man had charge of women's work in the Potomac Division of 
the Red Cross. 

On account of Chapman's wide knowledge of Latin Ameri- 
can countries and their peoples, he was dispatched to the West 
Indies and South America as special commissioner. For this 
purpose he wrote many pamphlets, designed posters and pre- 
pared lectures. "While my Spanish heretofore had served 
well as a means of communication with guides, cooks and mule 
drivers," he writes (ibid., p. 279), "I was not prepared to enter 
the diplomatic and oratorical field." He and Mrs. Chapman 
therefore added to their daily duties at the Washington head- 
quarters a nightly course in Spanish. Equipped also with 
lantern slides and motion pictures, they journeyed to Cuba, 
Panama, Peru, Chile, Bolivia, Argentina, Uruguay, Brazil. 
Everywhere the responses to their Red Cross appeal by the 
people in these countries were highly satisfactory and pro- 
ductive. 

Their next journey was to France. At Gievres, near Tours, 
they met their son Frank M., Jr., who had enlisted in the 
marines and had been in the hospital in Gievres. 

Joining Mr. Davison in Paris, they found him organizing a 
league of Red Cross societies and even beginning to plan for an 
international organization for the maintenance of peace. 

After the armistice they went to England, where they were 
impressed by the love of outdoor life and of native birds shown 
by a war-weary nation. Chapman and his friend Frederic C. 
Wakott then took the opportunity to renew their acquaintance 
with the common British birds. 

MTS. RORAIMA, DUIDA 

Oiapmaa's paper on 'The Upper Zonal Bird-life of Mts. 
Roraima and Duida" (1931) is essentially a comparative 
analysis of considerable collections of South American birds 
from two stations: Mt. Roraima at the junction of British 
Guiana, Brazil and Venezuela, and Mt. Duida in Venezuela, 
400 miles south-southwest of Mt. Roraima. The collections 
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from Mt. Roraima were made by the Lee Garnett Day Expedi- 
tion, under G. H, H. Tate, while those from Mt. Duida were 
made by the Tyler Expedition, also under G. H. H. Tate. 
About 161 species or subspecies representing 35 families were 
studied. 

According to Tate's field observations and papers, both 
Roraima and Duida are table mountains, steep-sided and 
formed of sandstone, but the strata of Roraima are level 
bedded, while those of Duida are intensely folded. Roraima 
and its neighbors are considered remnants of a once continuous 
tableland which became dissected by erosion and is now repre- 
sented by isolated fragments. Duida appears to be a newly 
up-faulted mass perhaps still rising. Roraima is almost devoid 
of soil and is the home of a relatively small and apparently 
diminishing plant and animal population. Duida has a deep 
covering of humus and bears a complex and highly modified 
fauna and flora. In spite of their separation and of the above 
noted differences, Chapman's analyses led him to the conclu- 
sions (i) that the avifauna of the upper zone of Roraima was 
essentially like that of Duida; (2) this distinctive upper zonal 
Roraima-Duidan avifauna contained the following chief com- 
ponents : 

Of tropical origin 22 out of 85 

With Andean relationships 39 " " " 

With Southeastern Brazilian 

relationships 2 " " " 

With Guatemalan relationships 2 " " " 

Of unknown origin 20 " " " 

Thus nearly one-half the birds peculiar to the Roraima- 
Duidan fauna have their nearest relatives in the Subtropical 
and Temperate Zones of the Andes (p. 42). "These birds 
find their nearest relatives at a distance of usually more than a 
thousand miles, nevertheless they outnumbered those members 
of the Roraima-Duidan fauna derived from nearby tropical 
ancestors by more than 50 per cent. This fact indicates the 
greater age of the Andean element and also that when it was 
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acquired the Roraima-Duidan and Andean forms, or their 
antecedents, were more nearly in contact than they are today" 

(P- 45). 

Further analysis indicates (p. 47) that at no very remote 
period the present wide gap in distribution between the 
Roraima-Duidan and Andean forms was bridged by intermediate 
stations which have since disappeared. The existence of 
Roraima-Duidan forms with close relatives in the Andean Sub- 
tropical and, less frequently, Temperate Zones "may be ex- 
plained by the disappearance of their common ancestors or 
connecting forms in the intervening area, due probably to the 
influence of climatic changes" (p. 58). 

EASTERN BRAZIL 

Extensive and much needed bird collections from eastern 
Brazil were made in a seven-year campaign by Emil Kaempfer, 
under the patronage of Mrs. E. M. B. Naumburg, Research 
Associate of the Museum's Department of Birds. 

MARINE BIRDS OF PERU 

Dr. Leonard C. Sanford and his collectors, especially Rollo 
Beck, had already made great collections of the marine birds 
that swarm in vast numbers along the coast of Peru, and Dr. 
R. C. Murphy studied the complex ecologic factors which 
made these dense bird populations possible. 

"It is well known," writes Chapman, "that in this region, 
the combination of exhaustless supplies of fish, fish-eating 
birds (transformers, they might be called), islands on which 
birds may nest in safety, and a rainless climate has resulted in 
the production of vast quantities of guano. It is said that a 
billion dollars' worth of this fertilizer has been removed from 
Peru's coastal islands, and the annual deposit now constitutes 
one of her principal commercial assets. This subject, the 
biology of the Humboldt Current, and many other things of 
interest will be found fully treated in The Bird Islands of Peru 
by my colleague, Robert Cushman Murphy." 
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THE WHITNEY PACIFIC EXPEDITION 

From 1920-1928 Rollo Beck carried on his explorations in 
the islands of the Pacific under a generous fund which, through 
Dr. Leonard C. Sanford, was contributed by Harry Payne 
Whitney. Beck amassed enormous collections and was suc- 
ceeded by Hannibal Hamlin, who in turn (1930) was relieved 
by William F. Coultas. 

All the South American marine birds in the Museum's collec- 
tions were the sources for Dr. Murphy's two splendid volumes 
Oceanic Birds of South America. 

AFRICAN BIRDS 

Meanwhile in Africa, Dr. James Chapin, De Witt Sage, J. 
Sterling Rockefeller and Charles B. G. Murphy made extensive 
collections, especially in the Belgian Congo. The vast bird 
fauna of the latter country was revised and described in two 
volumes by James Chapin, Birds of the Belgian Congo; a third 
and fourth volume are nearing completion. 

THE LORD ROTHSCHILD COLLECTION AND THE WHITNEY WING 

Under Chapman's leadership the Museum's Department of 
Birds received in 1932 the supreme gift of the Lord Rothschild 
Collection of 280,000 specimens. With it came provision for 
its administration and for fellowships for students from abroad 
all this was in memory of Harry Payne Whitney from his 
widow and children. Before Mr. Whitney's death in 1930 he 
had joined with tiie city of New York in giving an entire new 
wing to the Museum. This was completely equipped to house 
the vast study collections and to provide ample facilities for 
research. Provision was also made for the superb hall of 
oceanic birds and for another large hall containing a general 
introductory exhibit on the biology of birds. 

In this palatial Whitney bird building Chapman chose an 
unpretentious office, adjacent to the long galleries containing 
part of the study collections. At convenient locations near 
other galleries were the offices of his well-trusted colleagues: 
Robert Cushman Murphy who succeeded him as Chairman of 
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the Department of Birds; John T. Zimmer, a widely trained 
ornithologist from the Field Museum ; James Chapin, to whom 
the forests of the Belgian Congo were as a second home ; Ernst 
Mayr, a former member of the Whitney South Sea Expedition 
and a distinguished student of bird speciation ; Mrs. Elsie M. B. 
Naurnburg, author of The Birds of Matto Grosso and other 
publications on South American ornithology, who had long 
assisted Chapman, especially in identifying the birds of Ecuador, 
Peru and Brazil. 

Always in close communication with Chapman was his life- 
long friend Dr. Leonard C. San ford, of New Haven, a trustee 
of the Museum and patron of expeditions. It was largely 
through his good offices that Harry Payne Whitney and later, 
the Whitney family, made their princely contributions to the 
Museum as above noted. 

BARRO COLORADO ISLAND 

Whenever it was possible in his later years Chapman retired 
to Barro Colorado Island in the Panama Canal Zone. His 
abundant observations on the birds and mammals there are 
recorded in My Tropical Air Castle (1929) Life in an Air 
Castle (1938) and many later articles. This "island" resulted 
from the damming of the Chagres River. The latter flooded 
165 square miles of lowland and made islands of hilltops. 
Mostly covered with forests it is the home of many birds, mam- 
mals and other animals and is under the protection of the U. S. 
Government. At first Chapman had only a small cabin on the 
island which, however, was ideally placed for a student of birds. 
Later Fuertes House was built and named for his deceased 
friend. From this high point of vantage Chapman could identify 
with his binoculars the water birds on Gatun Lake below him, 
or the soaring birds in the air above or the perching birds 
near by. Across the forest paths he set out photographic traps 
and when the bird or mammal touched the string the camera 
clicked. Thus he took beautiful portraits of ocelot, coatimundi, 
peccaries, tapir, et al. By tempting a savage male coatimundi 
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with bananas, he gradually succeeded in lessening its fear. 
Eventually "as an evidence of good faith on both sides," he 
held out the banana and the coati grabbed it, without attempting 
to use its dagger-like canine teeth on the donor. The life story 
of the male coati was eventually recorded and the role of the 
fighting male in coati survival was clearly shown. 

Professional students of animal behavior rightly distrust the 
man-made interpretations which mar animal stories of casual 
observers. In his descriptions of the social life of the howler 
monkeys, Chapman used only common English words and meta- 
phors, but an experimentalist who might wish to test the IQ of 
these nearly untamable savages, would do well to study Chap- 
man's essentially objective records of their behavior both in the 
wild and in captivity. The strength of their dislike for strangers 
is suggested by the long stubborn and sullen resistance of a 
young female howler monkey against Chapman's persistent 
and finally successful attempts to gain her confidence. 

While the reasons for the behavior of howler monkeys can 
to a certain extent be understood by us, the elaborate and fan- 
tastic courting antics of Gould's manakin, as recorded by Chap- 
man, belong in the world of lizards and birds and are motivated 
and executed by a profoundly unmammalian nervous system. 
In brief, Chapman's books and articles on the fauna of Barro 
Colorado abound in material and problems which invite coopera- 
tive Investigation on a large scale by geneticists, behaviorists 
and students of the evolution of the vertebrates. 

CHAPMAN DIES, His WORK SURVIVES 

As Chapman neared the age of fourscore years his strength 
failed and sorrow increased, for Mrs. Chapman died in Sep- 
tember, 1944. But his son, Major Frank M. Chapman, Jr., 
returning safely from World War II, brought him much happi- 
ness, as did his son's wife Gladys Swarthout Chapman. As 
they both were distinguished musicians, they gave him the 
solace of uplifting music. Nor did he forget the thrill of 
countless bird-songs stored in his memory. 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXV 

Thus on November 15, 1945, he died, content to leave to his 
devoted successors and colleagues the great cause for which 
he had so long labored. And all the amazing things he saw and 
recorded in the world of birds are ready for generations of 
readers still to come. 



132 



FRANK MICHLER CHAPMAN GREGORY 

KEY TO ABBREVIATIONS USED IN BIBLIOGRAPHY 

Am. Mus. Jour. = American Museum of Natural History Journal 

Am, Mus. Nov. = American Museum Novitates 

Bull. Am. Mus. Nat Hist. = Bulletin, American Museum of Natural 

History 

Bull. U. S. Nat. Mus. = Bulletin, United States National Museum 
Carnegie Inst Wash. = Carnegie Institution of Washington 
Century Mag. = Century Magazine 
Educ. Rev. = Educational Review 
Geogr. Jour. = Geographical Journal 
Nat. Geogr. Mag. = National Geographic Magazine 
Nat. Hist. = Natural History 
Pop. Sci. Mo. = Popular Science Monthly 

Proc. Biol. Soc. Wash. = Proceedings, Biological Society of Washington 
Proc. Linnaean Soc. N. Y. = Proceedings, Linnaean Society of New York 
Trans. N. Y. Acad. Sci. = Transactions, New York Academy of Sciences 



BIBLIOGRAPHY 
Books 

1895 

Handbook of Birds of Eastern North America. With Keys to the Species 
and Descriptions of their Nests and Eggs. (i2mo. 427 pp. D. Appleton 
and Company) 

1897 

Bird-Life: A Guide to the Study of our Common Birds. (i2mo. 269 pp. 
D. Appleton and Company) 

1900 

Bird Studies with a C&mera* (i2mo. 218 pp. D. Appleton and Company) 

JOO? 

Color Key to North American Birds. With upward of 800 drawings by 
Chester A. Reed. (8vo. 312 pp. Doubleday, Page and Company) 

1907 

The Warblers of North America (wjth other ornithologists). (8vo. 306 
pp. D. Appleton and Company) 

1908 

Camps and Cruises of an Ornithologist. (8vo. 432 pp. D. Appleton and 
Company) 

133 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS - VOL. XXV 

IQI2 

Color Key to North American Birds. With upward of Boo drawings by 
Chester A. Reed. With bibliographical appendix. (8vo. Rev. ed. 
356 pp. D. Appleton and Company) 

Handbook of Birds of Eastern North America. (Rev. ed. 530 pp. D. Apple- 
ton and Company) 

1916 
The Travels of Birds. (i2mo. 160 pp. D. Appleton and Company) 

1917 

Distribution of Bird-Life in Colombia. (8vo. 729 pp. Bull. Am. Mus. Nat. 
Hist., Vol. XXXVI) 

1918 

Our Winter Birds: How to Know and Attract Them. (12 mo. 180 pp. D. 
Appleton and Company) 

1920 

What Bird Is That? 301 birds in color by Edmund J. Sawyer, (ismo. 144 
pp. D. Appleton and Company) 



The Distribution of Bird-Life in the Urubamba Valley of Peru. (Bull, 117, 
138 pp. U. S. National Museum ; A Report on the Birds Collected by 
the Yale University-National Geographic Society's Expeditions) 

1926 

The Distribution of Bird-Life in Ecuador. (8vo. 784 pp. Bull. Am. Mus. 
Nat. Hist., Vol. LV) 

1929 
My Tropical Air Castle. (8vo. 417 pp. D. Appleton and Company) 

1932 

Handbook of Birds of Eastern North America. (2nd Rev. ed. 581 pp. D. 
Appleton and Company) 



Autobiography of a Bird-Lover. (8vo. 420 pp. Appleton-Century Com- 
pany) 

1938 
Life in an Air Castle. (8vo. 243 pp. Appleton-Century Company) 

134 



FRANK MICHLER CHAPMAN GREGORY 

Bulletins, Articles, Etc. 
1888 

Observations on the Nocturnal Migration of Birds. The Auk, V, No. I, 

January, pp. 37-39. 
A List of Birds Observed at Gainesville, Florida. The Auk, V, No. 3, 

July, pp. 267-277. 
List of Additions to the North American Avifauna and of Eliminations 

and Changes in Nomenclature Proposed Since the Publication of the 

A. O. U. Check-List The Auk, V, No. 4, October, pp. 393-402. 

1889 

Preliminary Descriptions of Two Apparently New Species of the Genus 

Hesperomys from Florida. Bull. Am. Mus. Nat Hist., II, Article IX, 

p. 117. 
Description of a New Subspecies of the Genus Sigmodon from Florida. 

Bull. Am. Mus. Nat. Hist., II, Article X, p. 118. 
On the Habits of the Round-tailed Muskrat (Neo fiber alieni True). Bull. 

Am. Mus. Nat Hist., II, Article XV, pp. 163, 164. 
Further Note on Atnacitia aeneobrunnea. Bull. Am. Mus. Nat. Hist., II, 

Article XVII, p. 182. 
Notes on Birds Observed in the Vicinity of Englewood, N. J. The Auk, 

VI, No. 4, pp. 302-305- 

1890 

A List of Birds Observed at Santarem, Brazil, by Clarence B. Riker, with 

Annotations by Frank M. Chapman. The Auk, VII, No. 2, pp. 131- 

271 ; 1891, op. cit., VIII, pp. 24-31 ; 158-164. 
On a Collection of Birds by Mr. Clark P. Streator in British Columbia, 

with FieM Notes by the Collector. Bull. Am. Mus. Nat. Hist, III, 

No. i, Article VII, pp. 123-158. 
On the Eastern Forms of Geotktypis trichas. The Auk, VII, No. i, pp. 

9-14- 

On the Winter Distribution of the Bobolink (Dolichonyx orysivorus), 
with Remarks on Its Routes of Migration. The Auk, VII, No. i, 

PP. 39-45- 

On the Changes of Plumage in the Bobolink (Dolichonyx oryztvorus) . 

The Auk, VII, No. 2, pp. 120-124. 

Notes on the Carolina Paroquet (Conurus carolinenms:) m Florida, Ab- 
stract Proc. Linnaean Soc. N. Y., pp. 2-4. 

1891 

On the Color-Pattern of the Upper Tail -co verts in Colaptes aurattts. 
Bull. Am. Mus. Nat. Hist, III, No. 2, pp. 311-314. 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXV 

On the Birds Observed near Corpus Christi, Texas, during parts of 
March and April, 1891. Bull. Am. Mus. Nat. Hist., Ill, No. 2, pp. 
315-328. 

Origin of the Avifauna of the Bahamas. Trans. N. Y. Acad. Sci., Janu- 
ary 26, p. 54- 

Notes on the Birds of the Lower Suwanee River. (With William Brew- 
ster). The Auk, VIII, pp. 125-138. 

1892 

Notes on Birds and Mammals Observed near Trinidad, Cuba, with Re- 
marks On the Origin of West Indian Bird-Life. Bull. Am. Mus. Nat. 
Hist, IV, No. i, pp. 279-330. 

A Preliminary Study of Grackles of the Subgenus Quiscalus. Bull. Am. 
Mus. Nat. Hist., IV, No. r, pp. 1-20. 

Birds of Central Park [New York City]. N. Y. Evening Post, I, June 18; 
II, June 25; III, July 2. 

I&93 

Description of a New Subspecies of Orysomys from the Gulf States. 
Bull. Am. Mus. Nat. Hist., V, Article IV, pp. 43-46. 

On a Collection of Mammals from the Island of Trinidad, with Descrip- 
tions of New Species. (With J. A. Allen). Bull. Am. Mus. Nat. 
Hist, V, Article XIII, pp. 203-234. 

Ornithology at the World's Fair. The Auk, X, pp. 315-321. 

Description of Two New Races of Mammals from Florida, with Remarks 
on Sitomys niveiventris Chapman. Bull. Am. Mus. Nat. Hist., V, 
Article XXI, pp. 339-341. 

Preliminary Descriptions of One New Species and Two New Subspecies 
of Birds from the Island of Trinidad. The Auk, X, No. 4, pp. 342, 

343- 

The Carolina Wren in the Lower Hudson Valley. The Auk, X, p. 87. 
On the Changes of Plumage in the Bobolink (Dolichonyx orysivorus). 

The Auk, X, No. 4, PP. 309-311. 

1894 

Remarks on the Origin of Bird Migration. The Auk, XI, No. I, pp. 12-17. 
Remarks on Certain Land Mammals from Florida with a List of the 

Species Known to Occur in the State. Bull. Am. Mus. Nat. Hist., 

VI, Article XIV, pp. 333-346. 
Visitor's Guide to the Collection of Birds Found within Fifty Miles of 

New York City. Printed for the Am. Mus. Nat. Hist., pp. i-ioo. 
Birds of the Island of Trinidad Bull. Am. Mus. Nat. Hist., VI, Article I, 

pp. 1-86. 
The Nocturnal Migration of Birds. Pop. Sci. Mo., XLV, No. 4, pp. 506- 

5". 

136 



FRANK MICHLER CHAPMAN - GREGORY 

1895 

The Study of Birds Out of Doors. Pop. Sci. Mo., XLVII, No. 5, 

pp. 664-670. 
Further Notes on Trinidad Birds, with a Description of a New Species of 

Synallaxis. Bull Am. Mus. Nat. Hist, VII, Article IX, pp. 321-326. 
Notes on Birds Observed in Trinidad. (With William Brewster). The 

Auk. XII, No. 3, pp. 201 -2i i. 

1896 

The Standing of Ardetto neaxena. The Auk. XIII, No. i, pp. 11-19. 
The Changes of Plumage in the Dunlin and Sanderling. Bull. Am. Mus. 

Nat. Hist., VIII, Article I, pp. 1-8. 
On the Changes of Plumage in the Snowflake (Plectrophenax nivalis). 

Bull. Am. Mus. Nat. Hist, VIII, Article II, pp. 9-12. 
Notes on Birds Observed in Yucatan. Bull. Am. Mus. Nat. Hist., VIII, 

Article XVIII, pp. 271-290. 

1897 

Preliminary Descriptions of New Birds from Mexico and Arizona. The 

Auk, XIV, No. 3, pp. 310, 311. 
On Mammals from Yucatan, with Descriptions of New Species. (With 

J. A. Allen). Bull. Am. Mus. Nat. Hist, IX, Article I, pp. 1-12. 
On a Second Collection of Mammals from the Island of Trinidad, with 

Descriptions of New Species, and a Note on Some Mammals from the 

Island of Dominica, W. I. (With J. A. Allen). Bull. Am. Mus. Nat. 

Hist., IX, Article II, pp. 13-30. 
On a Collection of Mammals from Jalapa and Las Vigas, State of Vera 

Cruz, Mexico. Bull. Am. Mus. Nat Hist., IX, Article XIII, pp. 

197-208. 
Remarks on the Spring Molt of the Bobolink. The Auk, XIV, No. 2, 

pp. 14^-154- 



Notes on Birds Observed at Jalapa and Las Vigas, Vera Cruz, Mexico. 

Bull. Am. Mus. Nat Hist, X, Article II, pp. 15-43. 
Origin of West India Bird Life. Nat. Geogr. Mag., IX, No. 5, pp. 243- 

247. 
Kirtland's Warbler (Dendroica kirtlandi). The Auk, XV, No. 4, pp. 

289-293. 



Descriptions of Five Apparently New Birds from Venezuela. Bull. Am. 

Mus. Nat Hist., XII, Article IX, pp. 153-156. 
Report on Birds Received through the Peary Expeditions to Greenland. 

Bull. Am. Mus. Nat. Hist, XII, Article XVII, pp. 219-244. 

137 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXV 

Descriptions of Two New Subspecies of Colymbus domlnicus Linn. Bull. 

Am. Mus. Nat. Hist., XII, Article XIX, p. 255. 

The Educational Value of Bird-Study. Educ. Rev., March, pp. 242-246. 
The Distribution and Relationships of Ammodramiis maritimits and Its 

Allies. The Auk, XVI, No. i, pp. 1-12. 
Bird Rock. Century Mag., LVIII, No. 3, pp. 32Q-339- 
Bird-Lore, a bi-monthly magazine, 1899-19-: Reviews and Editorials. 

1900 

The Value of Birds to the Commonwealth. Report of the Secretary of 

the Board of Agriculture for 1900, pp. 1-41. 
A Study of the Genus Sturnella. Bull. Am. Mus. Nat. Hist., XIII, Article 

XXII, pp. 297-320. 

A Note on the Economic Value of Gulls. Bird-Lore, II, p. 10. 
Obituary Notice of Elliott Coues. Bird-Lore, II, p. 3. 

1901 

A Revision of the Genus Capromys. Bull. Am. Mus. Nat. Hist., XIV, 

Article XXI, pp. 313-323. 
Descriptions of Six Apparently New Birds from Peru. Bull. Am. Mus. 

Nat. Hist., XIV, Article XIX, pp. 225-228. 
A New Race of the Great Blue Heron, with Remarks on the Status and 

Range of Ardea wardi. Bull. Am, Mus. Nat Hist., XIV, Article 

VIII, pp. 87-90. 
The Bird Rock Group. Supplement to Am. Mus. Jour., I, No. n, pp. 

1-25. 

How to Name the Birds. Bird-Lore, III, pp. 200-206. 
A New Device for Securing Birds' Pictures. Bird-Lore, III, p. 194 

(illustrated). 

Bird Nesting with Burroughs. Bird-Lore, III, p. 88 (illustrated). 
Pelican Island Revisited. Bird-Lore, III, pp. 3-8 (illustrated). 

1902 

List of Birds Collected in Alaska by the Andrew J, Stone Expedition of 

1901. Bull. Am. Mus. Nat Hist, XVI, Article XIX, pp. 231-247. 
A Hybrid between the Cliff and Tree Swallows. The Auk, XIX, No. 4, 

pp. 392-394- 

Economic Value of Birds to the State. 4to. Albany. 
How to Name the Birds. Bird-Lore, IV, pp. 20, 62, 88, 124, 155, 189 

(ilhtstrated). 

Flatniiigoes* Nests. Bird-Lore, IV, p. 177 (illustrated). 
How to Study Birds (first paper). Bird-Lore, IV, p. 194. 
Strange Experiences of a Blue Jay Family. Century Mag., LXIV, July, 

pp. 405-422. 

138 



FRANK MICHLER CHAPMAX GREGORY 

1903 

How to Study Birds (second paper). Bird-Lore, V, pp. 25-27; (third 

paper) pp. 56-39. 

The Bird-Life of Cobb's Island. Bird-Lore, V, p. 109 (illustrated). 
An Island Eden. Bird-Lore, V, pp. 175-182. 

1904 

List of Birds Collected in Alaska by the Andrew J. Stone Expedition of 
1903. Bull. Am. Mus. Nat. Hist, XX, Article XXXIV, pp. 309-406. 

A Flamingo City. Century Mag., LXIX, No. 2, pp. 163-180. 

The Case of William J. Long. Science, XIX, No. 479, pp. 387-389. 

Flamingoes' Nests. Smithsonian Report for 1903, pp. 573-575. 

A New Grouse from California. Bull. Am, Mus. Nat. Hist., XX, Article 
XI, pp. 159-162. 

The Black Tern at Home. (With Ernest Thompson Seton.) Bird-Lore, 
VI, pp. 1-5. 

Young Flamingoes. Bird-Lore, VI, pp. 193-198. 

1905 
The Feeding Habits of the Northern Phalarope. Bird-Lore, VII, pp. 

273, 274. 
A Contribution to the Life-History of the American Flamingo (Phoeni- 

copterus ruber), with Remarks upon Specimens. Bull. Am. Mus. 

Nat. Hist., XXI, Article VII, pp. 53-57. 
What Constitutes a Museum Collections of Birds? Proc. IVth Inter- 

national Ornithological Congress, 1905, pp. 144-156. 
Birds' Nests and Eggs. Am. Mus. Jour., IV, No. 2, pp. 5-31. 

1006" 
The Birds of the Vicinity of New York. Am. Mus. Jour., VI, April, pp. 

Si -102. 



The Eastern Forms of Geoihlypis trickas. The Auk, XXIV, No. i, pp. 

30-34- 
A Seasons Field Work. Bird-Lore, IX, pp. 256-262. 

1908 

A Contribution to the Life-Histories of the Booby (Suh leucogastra) 
and Man-'o-War Bird (Fregata aquila). Pub. 103, Carnegie Inst. 
Wash., pp. I39-I5I. 

A Bird Friend. Bird-Lore, X, pp. 14, 15. 

Home Life of the American Egret. Bird-Lore, X, pp. 59-68. 

The Fish Hawks of Gardiner's Island. Bird-Lore, X, pp. 153-159. 

The Use of a Blind in the Study of Bird-Life. Bird-Lore, X, pp. 250-252. 

139 



XATIOXAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXV 

1909 

The Feud of the Crmvs and the Owl. Bird-Lore, XI, pp. 4-6. 
The Bobolink. Bird-Lore, XI, pp. 137-140. 

10/0 

Xotes on the Plumage of Xorth American Birds: 95 Papers. Bird-Lore, 
1910-1932. 



Description of a Xew Oriole (Icterus jucrtcsi) from Mexico. The Auk, 
XXVIII, No. i, pp. 1-4. 

197.? 

Diagnoses of Apparently New Colombian Birds. Bull. Am. Mus. Nat. 

Hist., XXXI, Article XVI, pp. 139-166. 
A Xew Ibis from Mt. Kenia, British East Africa. Bull. Am. Mus. Nat. 

Hist., XXXI, Article XXI, pp. 235-238. 
An Eighteen- Year Retrospect. Bird-Lore, XIV, pp. 141-144- 

1914 
Diagnoses of Apparently New Colombian Birds II. Bull. Am. Mus. 

Nat. Hist, XXXIII, Article XII, pp. 167-192. 
Diagnoses of Apparently New Colombian Birds III. Bull. Am. Mus. 

Nat. Hist., XXXIII, Article XL, pp. 603-637. 
Descriptions of a New Genus and Species of Birds from Venezuela. Bull. 

Am. Mus. Nat. Hist, XXXIII, Article XIII, pp. 193-197. 
Descriptions of New Birds from Ecuador. Bull. Am. Mus. Nat. Hist, 

XXXIII, Article XXIII, pp. 317-322. 
A Naturalist's Journey around Vera Cruz and Tampico. Nat. Geogr. 

Mag., XXV, No. 5, pp. 533-557- 
The Roseate Spoonbill. Bird-Lore, XVI, pp. 214-217. 

1915 
Descriptions of Proposed New Birds from Central and South America. 

Bull. Am. Mus. Nat. Hist., XXXIV, Article XI, pp. 363-388. 
Diagnoses of Apparently New Colombian Birds IV. Bull. Am. Mus. 

Nat. Hist., XXXIV, Article XXIII, pp. 635-662. 
The More Northern Species of the Genus Scytalopus Gould. The Auk, 

XXXII, No. 4, pp. 406-423. 
Louis Agassiz Fuertes Painter of Bird Portraits. Bird-Lore, XVII, 

pp. 277-284. 

Bird Gobs in Aujerka, Bird-Lore, XVII, pp. 347-348. 
Descriptions of New Birds from Santo Domingo and Remarks on Others 

in the Brewster-Sanford Collection. Bull. Am. Mus. Nat. Hist., 

Article XII, pp. 327-334- 

In Memoriam: Daniel Giraud Elliot The Auk, XXXIV, No. i, pp. i-io. 
A Condor's Quill. Bird-Lore, XIX, pp. 5-8. 

140 



FRANK MICHLER CHAPMAN GREGORY 



One Year with the American Red Cross, Washington, D. C, i S., No. 2, 

pp. 1-40. 
Notes from a Traveller in the Tropics: I. Dov^n the Coastline to Cuba. 

Bird-Lore, XX, pp. 393-397- 

1919 

William Brewster 1851-1919. Bird-Lore, XXI, No. 5, pp. 277-286. 
Descriptions of Proposed New Birds from Peru, Bolivia, Argentina, and 

Chile. Bull. Am. Mus. Nat. Hist., XLI, Article V, pp. 323-333. 
Descriptions of Proposed New Birds from Peru, Bolivia, Brazil and 

Colombia. Proc. Biol. Soc. Wash., 32, pp. 253-268. 
Notes from a Traveller in the Tropics : II. Cuba to Panama. Bird-Lore, 

XXI, pp. 11-15; HI- From Panama to Peru, pp. 87-91; IV. Peru, 

pp. 157-164; V. Chile, pp. 333-34L 
Nature and England. Bird- Lore, XXI, pp. 215-218. 

1920 

Unusual Types of Apparent Geographic Variation in Color and of 
Individual Variation in Size Exhibited by Ostinops decwnanus. Proc. 
Biol. Soc. Wash., 33, pp. 25-32. 

Description of a Proposed New Race of the Killdeer from the Coast of 
Peru. The Auk, XXXVII, No. i, pp. 105-108. 

1921 

Over the Andes to Bogota. Nat. Geogr. Mag., XL, No. 4, pp. 353-373- 
Descriptions of Apparently New Birds from Bolivia, Brazil and Vene- 

zuela. Am Mm. Nov., No. 2, pp. I-4L 
Descriptions of Proposed New Birds from Colombia, Ecuador, Peru and 

Brazil Am. Mus. Nov., No. 18, pp. 1-12. 
Descriptions of Apfwreotfy New Birds from Colombia, Ecuador, and 

Argentina. Am. Mus. Nov., No. 31, pp. 1-18. 
The Distribution of Bird-Life in the Urufoarnba Valley of Peru. Bull. 

117, U. S. Nat. Mus., pp. 1-124. 
John Burroughs, 1837-1921. Bird-Lore, XXIII, pp. 119-123. 

19*2 

The Distribution of the Swallows of the Genus Pygochelidan. Am. Mus. 

Nov., No. 30, pp. 1-15. 
The Department of Birds, American Museum: Its History and Aims. 

Nat Hist, XXII, No. 4, PP- 306-318. 
In Memoriam: Joel Asaph Allen. The Auk, XXXIX, No. i, pp. 1-14- 

141 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXV 

1923 
Descriptions of Proposed New Formicariidae and Dendrocolaptidae. Am. 

Mus. Xov. f No. 86, pp. 1-19. 
Descriptions of Proposed New Birds from Venezuela, Colombia, Ecuador, 

Peru, and Chile. Am. Mus. Nov., No. 06, pp. 1-12. 
The Distribution of the Motmots of the Genus Afomotus. Bull. Am. Mus. 

Nat. Hist, XLVIII, Article II, pp. 27-59. 
Mutation among Birds in the Genus Buarremon. Bull. Am. Mus. Nat. 

Hist., XLVIII, Article IX, pp. 243-278. 



Criteria for the Determination of Subspecies in Systematic Ornithology. 

The Auk, XLI, No. i, pp. 17-29. 
The House Wrens of the Genus Troglodytes. (With Ludlow Griscom.) 

Bull. Am. Mus. Nat. Hist., L, Article IV, pp. 279-304. 
Descriptions of New Flycatchers from Colombia, Ecuador, and Peru. 

Am. Mus. Nov., No. 118, pp. i-ii. 
Descriptions of New Genera and Species of Tracheophonae from Panama, 

Ecuador, Peru, and Bolivia. Am. Mus. Nov., No. 123, pp. 1-9. 
Descriptions of New Birds from Ecuador, Colombia, Peru, and Bolivia. 

Am. Mus. Nov., No. 138, pp. 1-15. 
Descriptions of New Birds from Colombia, Peru, and Bolivia. Am. Mus. 

Nov., No. 143, pp. 1-16. 
The Andes: A New World. Nat. Hist., XXIV, No. 4, Pp. 420-428. 

19*5 
Descriptions of New Birds from Colombia, Ecuador, Peru, and Argentina. 

Am, Mus. Nov., No. 160, pp. 1-15. 
Descriptions of New Birds from Ecuador and Peru. Am. Mus. Nov., 

No. 187, pp. 1-9. 
Remarks on the Life Zones of Northeastern Venezuela with Descriptions 

of New Specks of Birds. Am. Mus. Nov., No. 191, pp. 1-14. 
Descriptions of One New Genus and of Species of Birds from Peru and 

Ecuador. Am. Mus. Nov., No. 205, pp. i-n. 
The European Starling as an American Citizen. Nat. Hist, XXV, No. 5, 

pp. 480-485. 
The Relationships and Distribution of the Warblers of the Genus Comp- 

sothlypls: A Contribution to the Study of the Origin of Andean Bird- 

Life. The Attk, XLII, No. 2, pp. 193-208. 

1926 

An Island Ark: An Unusual Wild Life Refuge near Panama. World's 

Work, November, pp. 60-66. 
Darwin's Chle. Geogr. Jour., November, pp. 369-385. 

142 



FRANK MICHLER CHAPMAN GREGORY 

Descriptions of New Birds from Bolivia, Peru, Ecuador, and Brazil. 
Am. Mus. Nov., No. 231, pp. 1-7. 



Who Treads our Trails? Nat. Geogr. Mag., LII, No. 3, pp. 331-345. 
The Variations and Distribution of Saltator aurantiiroftris. Am. Mus. 

Nov., No. 261, pp. 1-19. 
Bird Haven: The Robert Ridgway Wild Life Sanctuary. Bird-Lore, 

XXIX, pp. 1-4. 
Louis Agassiz Fuertes : 1874-1927. Bird-Lore, XXIX, pp. 359-368. 

192$ 
Descriptions of New Birds from Eastern Ecuador and Eastern Peru. 

Am. Mus. Nov., No. 332, pp. 1-12. 

Homes of a Hummer. Nat. Hist, XXVIII, No. 3, PP- 284-289. 
Mutation in Capita auratus. Am. Mus. Nov., No. 335, pp. 1-21. 
The Nesting Habits of Wagler's Oropendola (Zarkychus uvghri) on 

Barro Colorado Island. Bull. Am. Mus. Nat. Hist., LVIII, Article 

III, pp. 123-166. 

1939 
Descriptions of New Birds from Mt. Roraima. Am. Mus. Nov., No. 341, 

PP. 1-7- 
Relationships of the Races of Phaeoprogne tapera and Their Probable 

Significance. The Auk, XLVI, No. 3, PP- 348-357- 
Descriptions of New Birds from Mt Duida. Am. Mus. Nov., No. 380, 

pp. 1-27. 
Robert Ridgway: 1850-1929. Bird-Lore, XXXI, pp. 173-178. 



A New Race of Phibalura flavirostris from Bolivia. The Auk, XLVII, 
p. 87. 



A New Race of Brackygalba lugubris from Northeastern Brazil. Am. 

Mus. Nov., No. 450, pp. 1-3- 
The Upper Zonal Bird-Life of Mts. Roraima and Duida. Bull. Am. Mus. 

Nat. Hist, LXIII, Article I, pp. 1-135. 

Seen from a Tropical Air Castle. Nat Hist., XXXI, No. 4, PP- 347-358- 
The Trogons of Barro Colorado. Bird-Lore, XXXIII, pp. 105-107. 

1932 
From a Tropical Air Castle: The Courtship of Gould's Manakin. Nat. 

Hist, XXXII, No. 6, pp. 469-479. 
Canvasback Ducks in Northumberland by Viscount Grey of Fallodon, 

Introductory Note and Photographs by Frank M. Chapman. Nat. 

Hist, XXXII, No. 5, PP- 453-4% 

143 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXV 

1933 

Obituary of Frederick J. Dixon. The Auk, L, p. 153. 
The Migration of Turkey Buzzards as Observed on Barro Colorado 

Island, Canal Zone. The Auk, L, pp. 30-34- 
Fifty Years Progress of American Ornithology, 1933. Collections of 

Birds in the United States and Canada, Exhibition Collections, pp. 

143-157. 

1934 

A Season's Bird Guests. Nat. Hist., XXXIV, No. i, pp. 16-30. 
Letter to the Auk, LI, pp. 429-430. 

My Florida Bird Guests. Nat. Hist., XXXIV, No. 6, pp. 523-538. 
Descriptions of New Birds from Mocha Island, Chile, and the Falkland 

Islands, with Comments on their Bird Life and that of The Juan 

Fernandez Islands and Chiloe Island, Chile. Am. Mus. Nov., No. 

762, pp. 1-8. 
Obituary of Mabel Osgood Wright. The Auk, LI, pp. 564-565. 

1935 

The Whitney South Sea Expedition. Science, Vol. 81, No. 2091, pp. 95-97. 
The Courtship of Gould's Manakin (Manacus litellinus vitellinus) on 

Barro Colorado Island, Canal Zone. Bull Am. Mus. Nat. Hist., 

LXVIII, Article VII, pp. 471-525. 
Further Remarks on the Relationships of the Crackles of the Subgenus 

Quiscalus. The Auk, LII, pp. 21-29. 

Quiscalus quiscula in Louisiana. The Auk, LII, 'pp. 418-420. 
Jose, Two Months from the life of a Barro Colorado Coati. Nat. Hist, 

XXXV, No. 4, PP. 299-308. 
The Making of a Cayuco. Nat. Hist., XXXVI, No. 4, pp. 311-316. 



Further Remarks on Quiscalus with a Report on Additional Specimens 

from Louisiana. The Auk, LIII, pp7 405-417. 
The Composer. Bird-Lore, XXXVIII, pp. 267-273. 
Jose 1936. Nat. Hist., XXXVIII, No. 2, pp. 126-135. 
White-lipped Peccary. Nat. Hist., XXXVIII, No. 5, pp. 408-414. 
Presentation of Daniel Giraud Elliot Medal for 1936 with accompanying 

Honorarium of $200.00 to Robert Cushman Murphy. 

1937 
My Monkey Neighbors on Barro Colorado. Nat. Hist., XL, No. 2, pp. 

471-480. 

Jose 1937. Nat. Hist., XL, No. 2, pp. 524-527. 
Fuertes and Audubon. Nat Hist, XXXIX, No. 3, pp. 204-214. 
The Phelps Venezuela Expedition. Nat* Hist., XL, No. 5, pp. 760-762. 

144 



FRANK MICHLER CHAPMAN - GREGORY 

1939 

The Upper Zonal Birds of Mt. Auyan-Tepui, Venezuela. Am. Mus, Nov., 

No. 1051, pp. 1-5. 

The Riddle of Oxyruncus. Am. Mus. Nov., No. 1047, pp. 1-4. 
Quiscalus in Mississippi. The Auk, LVI, pp. 28-31. 
Memories of Louis Fuertes. Bird-Lore, XLI, No. i, pp. 3-10. 

1940 

The Birdman. Nat. Hist., XLV, No. 3, pp. 147-150. 

The European Bullfinch in Milledgeville. The Oriole, V, No. 4, p. 37. 

The Post-Glacial History of Zonotrichia capcnsis. Bull. Am. Mus. Nat. 

Hist, LXXVII, Article VIII, pp. 381-438. 
Further Studies of the Genus Quiscalus. The Auk, LVII, pp. 225-233. 

1942 

Birding in a City Museum. Univ. of the State of N. Y. Bull, to the 
Schools, XXVIII, No. 7, PP- 260-262. 



Birds and Man. Guide Leaflet Series, No. 115, Am. Mus. Nat. Hist., 
PP. 7-52. 



145 




C- 



NATIONAL ACADEMY OF SCIENCES 

OF THE UNITED STATES OF AMERICA 
BIOGRAPHICAL MEMOIRS 

VOLUME XXV SIXTH MEMOIR 



BIOGRAPHICAL MEMOIR 



OF 



FRANCIS BERTODY SUMMER 

1874-1945 



BY 



CHARLES MANNING CHILD 



PRESENTED TO THE ACADEMY AT THE AUTUMN MEETING, 1947 



FRANCIS BERTODY SUMMER 
1874-1945 

BY CHARLES MANNING CHILD 

No one who knew Francis Simmer could fail to be impressed 
by an outstanding characteristic of the man, his intellectual 
honesty, not only in regard to his particular fields of research, 
but in his wide general interest in human relations and prob- 
lems, including those of his own personality. It is impossible 
to read his "Life History of an American Naturalist" without 
realizing that the self-analysis and self-criticism, perhaps the 
most interesting features of the book, are expressions of this 
characteristic. Not all men could have viewed themselves as 
objectively and have criticized themselves as frankly as he has 
done. If he has erred it is not in the direction of overestimation. 
This cannot be said of all autobiographies. 1 

Francis Bertody Sumner was born August I, 1874, in Pom- 
fret, Connecticut. His parents were Arthur and Mary Augusta 
(Upton) Sumner. His father's ancestry was predominantly 
English, but in the "Life History" he speaks of an interesting 
family tradition that an Italian, Bertoldi by name, an official at 
Ispahan, Persia (Iran), married a Persian. Their son served 
as a physician to the king of France, but later, during the period 
of the French Revolution emigrated to the United States and 
married a great-grandmother of Sumner in the paternal line, 
Sumner's face was regarded by E. W. Scripps, one of the 
founders of the Scripps Institution, as showing evidence of this 
Iranian ancestry. This seems to be something more than a 
mere family tradition. Mrs. Sumner possesses Francois Ber- 
toldi's snuff box, also a copy of his appointment as physician 
to "Monsieur," later king of France, and the citation for an 
honorary degree at the University of Padua. Moreover, Dr. 
Surnner's middle name, "Bertody," is apparently derived from 
Bertoldi. His mother's ancestry was English, She had 

1 Acknowledgment is due to the Roland Press Co. of New York, present 
holders of the copyright, for permission to quote from "The Life History 
of an American Naturalist" The source of each quotation from the book 
is indicated 
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taught in a school in Charleston, directed by his father. His 
father retired early from the teaching position and a few months 
after Stunner's birth the family went west and lived for about 
ten years on a somewhat isolated place at the foot of the hills 
back of Oakland, California. Here Sumner and his older brother 
ranged the hills and made collections of various sorts, kept 
insect larvae and learned about their metamorphoses and about 
the life histories of amphibians. Toads and snakes were Suni- 
ner's special pets. A real interest in living things, encouraged by 
his father, developed in this environment with the aid of a few 
elementary books on natural history and a small compound 
microscope. 

During the Oakland period he did not attend school but was 
taught by his father. When he was ten years old the family 
began a reverse migration eastward, living in Colorado Springs 
for three years. There Sumner entered school, a private school, 
for the first time and found himself in advance of children his 
age, but not well adjusted as regarded social relations, since he 
was not accustomed to boys in large numbers. Here also he 
roamed the Garden of the Gods and nearby canyons and col- 
lected minerals and fossils, developing still further his interest 
in nature. Having been given a set of chemical reagents with 
directions for use he became interested during this period in 
"rather planless messing with chemicals" and decided to be- 
come a naturalist and chemist. 

The next stop in the family migration eastward was Minne- 
apolis where Sumner spent three years in schools and four 
(1890-1894) in the University of Minnesota. His chief interest 
was zoology and he regarded Dr. H. F. Nachtrieb as largely 
responsible for his final choice of zoology as a lif ework. During 
two summers of this college period he was a member of field 
parties sent out from the university to collect biological material; 
particularly fishes, from the region about Minneapolis, which 
was then largely wild country with numerous lakes. These trips 
involved camp life, often much discomfort, particularly from 
mosquitoes, but during them he acquired extensive knowledge of 
field zoology and developed the interest in fishes which led later 
to some of his most interesting work. 
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A very considerable interest in psychology and philosophy was 
aroused during the college period and persisted throughout life. 
He has expressed himself as believing that with a broader out- 
look and more stimulation and enthusiasm on the part of his 
instructor, philosophy rather than zoology might have become 
his field of endeavor. 

He was elected to Phi Beta Kappa, received the Bachelor of 
Science degree at the age of twenty, and was granted a graduate 
fellowship which, however, was not used because he was ad- 
vised to delay further studies on account of his health. 

Although Sumner has dealt in the "Life History" more at 
length than is possible here with his childhood, school and col- 
lege periods this brief review of those parts of his life has seemed 
essential to an understanding of his later scientific career. His 
interest in nature from early childhood, encouraged, rather than 
ignored or discouraged by his father, became the foundation on 
which his lifework was built. To what extent that interest re- 
sulted from the relative isolation from social contact in his earlier 
life or from a certain type of reaction system he does not, and 
no one else can, attempt to decide. However, it appears that 
the environment was by no means unfavorable as a background 
for development of a biologist, though if he had reacted dif- 
ferently to it his later life might have been entirely changed. 

After his graduation Sumner joined his family, then living 
10 Westminster, Maryland, made various attempts to obtain 
some sort of position and saw Dr. Osier of Johns Hopkins, who- 
suggested first rest, then a trip to South America on a sailing 
ship, which was accomplished with considerable discomfort and 
much of interest. On his return another physician advised his 
return to university work and in the autumn of 1895 he entered 
Columbia University as a graduate student with zoology as a 
major and physiology and psychology as minors. In zoology he 
came into contact with E. B. Wilson, Bashford Dean, and H. F. 
Osborn. During his first year at Columbia he was somewhat 
repelled by the amount of routine drudgery involved in various 
fields of zoological research, could not become interested in "cell 
lineage/' considered at one time beginning a medical course, but 
with encouragement by Bashford Dean returned to the fishes 

149 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXV 

and undertook work in fish embryology. The entire development 
of a fish proved to be too extensive a field, for his thesis, en- 
titled "Kupffer's Vesicle and its Relation to Gastrulation and 
Concrescence," was concerned only with certain features of 
development which, however, had a definite bearing on the 
general problem of formation of the fish embryo. 

In psychology he came under the influence of Dr. Cattell, pre- 
pared a questionnaire on certain aspects of belief, treated the 
answers statistically and became particularly interested in Cat- 
tell*s application of quantitative methods to the treatment of 
individual differences. This he regarded as influencing his use 
of essentially the same technique in his later work on animal 
variability. During this period he became impressed by reports 
on so-called psychical research, had an interview with William 
James and visited several "mediums." 

Following an unsuccessful expedition by Reid Hunt and N. R. 
Harrington to the Egyptian Sudan in 1898 to obtain develop- 
mental stages of the lungfish, Polypterus, which were expected 
to throw light on the evolution of the land-living vertebrates, 
funds were provided for a second expedition to the Sudan in 
1899. This consisted of Hunt, Harrington, and Sumner. After 
a brief stop at the Naples Zoological Station, Hunt and Sumner 
joined Harrington in Africa and the search for the desired 
material began but was unsuccessful. Hunt and Harrington de- 
veloped fever almost at once and the expedition ended with 
Harrington's death and Sumner's illness. Another brief stay at 
the Naples Station in the autumn of 1899 after leaving Africa 
was ended by the notice of Sumner's appointment to the Natural 
History Department of the College of the City of New York. 
There he" found conditions unbelievably primitive but held the 
position tintil 1906 with two-years' leave of absence. It was 
scientifically an unsatisfactory period, both because he felt him- 
self ill adapted to teaching elementary biology with little evi- 
dence of interest on the part of students and because of the very 
limited possibilities for research. In consequence of this appoint- 
ment he was unable to complete requirements for the degree of 
Doctor of Philosophy at Columbia until 1901. During the years 
as a graduate student at Columbia and as teacher at the College 
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of the City of Xew York most of the summers were spent in 
research at Woods Hole with one summer at the Naples Station 
and one at Cold Spring Harbor. 

In 1903 he married Margaret Elizabeth Clark, daughter of 
the Reverend and Mrs. James Starr Clark, of English ancestry. 
Her father conducted a boys* school at Tivoli on the Hudson 
River where she was born. She was a graduate of Barnard 
College. Dr. Sumner and she met first while both were students 
at Columbia University, but two summers spent by her as a 
student at the Marine Biological Laboratory at Woods Hole 
played no small part in the outcome. The Woods Hole Labora- 
tory has often been regarded as a highly successful matrimonial 
bureau for biologists ; in this case, though not entirely responsi- 
ble, it was an important factor in furthering the acquaintance 
and interest. In the "Life History" Sumner wrote: "The lapse 
of more than forty years finds me still married, and to the same 
woman." This, he thinks, may require some explanation in view 
of the present day trend away from permanent marriage and 
of his own highly individualistic character. The explanation is 
that she had been an exceptional partner. "Simple justice," he 
wrote, "requires an acknowledgment of the devoted help which 
she has rendered me throughout our life together," not in 
scientific collaboration but in "keeping a constant watch over 
my needs, mental and physical, and sparing my energies in 
every way. Any ambition which she may have had for self- 
expression on her own account she has largely submerged for 
the sake of my undertakings, which may all, to this extent, be 
regarded as our joint undertakings." She and three children, all 
married, survive him. 

Also in 1903 he was appointed director of the laboratory of 
the United States Bureau of Fisheries at Woods Hole, a three 
months' summer appointment, renewable yearly. Three years 
later he resigned his teaching position and with his wife and 
child lived at Woods Hole continuously for the following five 
years, except for six months at the Naples Zoological Station 
in 1910. The change was made possible by creation of a tem- 
porary all-year position for him at the Bureau of Fisheries 
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laboratory in connection with the undertaking of a biological 
survey of the Woods Hole region. 

Following the return from Naples in 1910 there was more than 
a year of uncertainty and anxiety as regarded the future, but 
appointment as naturalist on the Bureau of Fisheries exploring 
vessel, "Albatross/' provided at least temporary respite. This 
appointment took Sumner back to California with the expecta- 
tion of making long exploring trips. However, because of the 
condition of the ship and lack of funds for reconditioning, ex- 
ploration was limited to a biological survey of San Francisco 
Bay. This position offered little promise for the future but it 
did bring him into association with the biologists of the Uni- 
versity of California, After two years a suggestion by Dr. 
C. A. Kofoid led to correspondence and a meeting with Dr. 
W. E. Ritter, director of the then recently established Scripps 
Institution for Biological Research at La Jolla, California. The 
result of this meeting was acceptance by a committee, consisting 
of Dr. Ritter and other members of the biological faculty of the 
University of California of a project presented by Sumner for 
field and laboratory study of certain rodents and his appointment 
in 1913 as a permanent member of the staff of the Scripps In- 
stitution, where he remained until his death. 

Turning to a survey and evaluation of Sumner's scientific 
work, it must be emphasized first that he was a tireless worker 
who found his greatest pleasure in research and that, as his 
publications indicate, the range of his interests was very wide. 
He said of himself that his mental attitude was that of a dilet- 
tante, turning from one problem to another as his interest 
changed. Probably very few besides himself would regard him 
as a dilettante. 

His thesis was a descriptive study of certain aspects of fish 
embryology concerned with the problem of embryo formation. 
It was soon followed by a paper concerning the cell movements 
involved in fish embryo formation. This paper was his only 
contribution to experimental embryology. The experiments con- 
sisted in interfering with, or preventing, the cell movements oc- 
curring in certain regions in the course of development by in- 
serting small 'glass needles through the cellular layers into the 
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yolk beneath them. The resulting modifications of development 
permitted certain conclusions. Effects on development of de- 
struction of various areas were also determined and it was found 
that when the region in which the embryo normally appeared 
was destroyed another region could give rise to an embryo. This 
experimental study was carried on during his directorship of the 
Fisheries laboratory. These two papers played a very considerable 
role in modifying views concerning the method of formation 
of the vertebrate embryo. 

At that time the question of Lamarckism versus Darwinism 
was still a subject of active discussion. This is the question, 
familiar to all biologists, whether characteristics acquired during 
the life of the individual are inherited and environment is di- 
rectly concerned in determining the course of evolution, or 
whether environment is concerned only indirectly through 
natural selection of genetic, and therefore, inheritable, "chance" 
variations, that is, by survival of the "fittest" for particular 
environments? One result of Sumner's interest in this problem 
was an attempt to determine whether certain fish species showed 
any measurable differences which might be of selective value 
between survivors and non-survivors when subjected to various 
external toxic or lethal agents. With hundreds of measurements 
no definite differences were discovered, but much later one of 
Summer's students did obtain more definite results. One of the 
agents used by Stunner with marine fishes was fresh water and 
questions of the osmotic relations of fishes to the aquatic 
medium, changes in internal salt content and the role of the gills 
and the external body surface in these relations led to extended 
investigations continuing through several years of the Woods 
Hole period and to several papers of very considerable interest. 

Another line of investigation concerned with the problem of 
evolution, and particularly with the inheritance of acquired 
characters, was an attempt to determine whether keeping white 
mice at different temperatures from birth would produce heritable 
effects. This study was undertaken as incidental spare-time work 
during the Woods Hole biological survey but was continued for 
a number of years. It also involved a large number of measure- 
ments. The early .results seemed to show positive inherited 
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effects of the different temperature environments, but later 
data were not entirely consistent and the work ended in uncer- 
tainty. In the "Life History" Sumner has pointed out the inade- 
quacy of the technique of these experiments as regards control 
of the character and past history of the stocks of mice and of 
nutrition and has stated his belief, based on his later work with 
the deer mouse, Peromyscus, that it appears highly improbable 
that heredity played any part in the differences in the generation 
born of parents kept at high and at low temperatures. The chief 
result of these experiments involving thousands of measurements 
on some twenty-three hundred mice was, he believed, a valuable 
addition to his own experience. 

As regards time and labor involved, the chief work of the 
Woods Hole years was the biological survey of the Woods Hole 
region with several coworkers and the preparation of the two- 
volume report. The survey, covering some four hundred and 
fifty "stations/ 7 involved an enormous amount of pure routine 
work and drudgery, dredging, taking bottom samples, recording 
temperature and salinity at each station, identifying the species 
taken or sending the material to specialists, and preparing distri- 
bution maps for the different species. Correlation of the data 
and the generalizations from them were undertaken by Sumner. 
Probably the most important result of the survey was the evi- 
dence that closely related species, differing only slightly morpho- 
logically show definite differences in distribution, which can 
often be clearly correlated with environmental differences. It 
appears that the morphological differences may themselves be of 
little or no significance, but are associated with, or are to be 
regarded as expressions of, physiological differences which" 
determine the distribution. 

The later biological survey of San Francisco Bay was 
essentially similar in character but the biological material was 
turned over to specialists and the data were published by them 
in separate papers. Sumner reported on the physical conditions 
in the bay. In discussing these two surveys and the resulting 
reports in the biographical sketch prepared for the National 
Academy of Sciences, to which he was elected in 1937, he has 
characterized *them as yielding "relatively low grade ore," al- 
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though the work was not carelessly done and the methods, while 
not up to the standard of later oceanographic surveys, were 
fairly accurate. 

The visit to the Naples Station in 1910 led to a study of the 
color changes in certain fishes, particularly in small flatfish, in 
relation to environment. He supplied these fishes with a variety 
of environments, some natural, some artificial, differing not only 
in color, but in pattern, that is, in distribution of different colors 
or shades, and kept photographic records of the resulting changes 
in color and pattern of the fishes. He found that they altered not 
only their color but the pattern of distribution of the pigment 
in relation to different environments with the general result that 
they became less visible. The alterations of pattern consisted in 
change in distribution of lighter and darker areas, not in copying 
of definite outlines or figures in the environment. This study 
ranks high among the various lines of investigation undertaken 
by Sumner and was so regarded by him. The published results 
aroused much interest, both scientific and unscientific and gave 
rise to some bizarre speculations by certain biologists and others. 
The work also provided a basis for highly interesting further 
research on color in fishes in relation to environment, begun some 
twenty years later. 

The next important step in Sumner's career after the two 
years as naturalist on the "Albatross" was his appointment to 
the staff of the Scripps Institution and the beginning of seventeen 
years* study of the geographic races of the deer mouse, Peromys- 
cus, in their relation to environment. These races occur in widely 
different habitats all over the United States and beyond its 
boundaries and show great differences in color and other charac- 
teristics. The differences in color of the diiferent races were 
found in general such as to decrease the visibility of the animals 
in the environment in which they lived. Those living in light 
colored environments, such as many desert regions, or on white 
sand, are pale or virtually white ; those living in regions of rela- 
tively high humidity with much vegetation and dark soil are 
dark in color. Collections by trapping of living animals were 
made on field trips, not only from many California localities, but 
from other states, even as far away as Florida. Some of his 
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amusing experiences during these collecting trips are recounted 
in the "Life History." Some observers of his trapping activities, 
finding that he was a member of the University of California 
were indignant that the state should permit such foolishness at 
the expense of the taxpayers. Others raised the question so 
often asked of the collecting biologist : "What is the use of all 
this ?" One, an intelligent Hopi Indian, on whose ranch Sumner 
was trapping, inquired what he intended to do with the mice, 
and when informed that they were to be taken to California 
asked, "Why, ain't they got no mice in California?" Sumner 
found it no more and no less difficult to explain to him, than to 
the average white man, in some measure the purpose for which 
the mice were collected. The mice were brought to the Scripps 
Institution at La Jolla and bred there for many generations. 
Many thousands of measurements of color, length, area and 
weight were made. Results of this study published in numerous 
papers gave Sumner still wider scientific recognition. Only a few 
of the more important points can be mentioned here. 

The different races bred in La Jolla environment did not show 
increasing resemblance to each other in successive generations. 
No evidence of inherited direct effects of environment appeared. 
According to Sumner, the different races appear to have arisen 
through accumulation of small differences, not essentially dif- 
ferent from those between individuals of the same race. As 
regards color, this accumulation has probably occurred by 
natural selection of characteristics aiding in concealment of the 
animals. Many differences, for example, differences in propor- 
tions of the body and length of appendages, have no evident adap- 
tive value but they may be morphological expressions of signifi- 
cant physiological differences. High humidity has been regarded 
by some biologists as directly favoring development of dark 
pigmentation In the individual. Sumner was at first inclined to 
accept this view but later became convinced that aerial humidity 
and soil moisture are chiefly effective only indirectly on the 
colors of the mouse races by their influence on soil color. The 
bare, or mostly bare, soil of arid regions is in general pale in 
color and the light colored animals are less visible there; in 
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damp regions the soil is darker and dark colored animals are 
less visible. 

Also during the earlier years o the mouse studies Sumner 
thought that the Mendelian theory of inheritance was not ade- 
quate to account for the blending of characteristics when two 
races were crossed but came finally to accept the concepts of 
modern genetics, though, as he has admitted, somewhat reluc- 
tantly, partly because particulate theories, such as the gene 
theory, were repugnant to him as they are to some other biolo- 
gists, and partly because he disliked what he viewed as attempts 
to get on the bandwagon of Mendelian theory. Chapter XVIII 
of the "Life History," dealing with the mouse research, is par- 
ticularly interesting reading, both for biologists and others. 
One point as regards procedure in such investigations is 
worth noting. Measurements, particularly biological measure- 
ments, which are usually not exact in the physical sense and in 
which the personal equation is relatively large should not, Sum- 
ner believed, be left to assistants, with the investigator consider- 
ing only the significant results which appear, but should be 
largely or entirely made by the investigator himself, both in 
the interests of greater accuracy and in order that he may 
realize more clearly just what his data mean. 

One paragraph from Chapter XVIII of the "Life History," 
calling attention to some of the unsolved problems of evolution 
with particular reference to the Peramyscus study deserves 
quotation in full. "Of a certainty, we still know very little about 
the process of evolution in its details, however sure we may be 
(and have a right to be) of its actuality. With all our faith 
in the 'survival of the fittest,* we are rarely able to point out 
the particular elements of 'fitness* that have enabled a particular 
type to survive. Nor do we know precisely the hazards which 
they survive. Why, for example, is one species of Peramyscus 
restricted to three of our southeastern states, while another is 
so widely distributed that *it is probable that a line, or several 
lines, could be drawn from Labrador to Alaska and thence to 
southern Mexico throughout which not a single square mile is 
not inhabited by some form of this species* (Osgood) ? Why are 
some species of races restricted to woodland, others to open 
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country, others to bare rocks, etc. ? Because they are especially 
'adapted' to these various habitats, we say. Of course, but has 
anyone taken the trouble to find out what this 'adaptedness' 
consists in? Presumably we shall be able, in time, to answer 
some of these questions, but until then much of our discussion 
of adaptation must remain airy speculation." 

The Peromyscus researches would undoubtedly have con- 
tinued throughout Sumner's life if the change in purpose and 
title of the Scripps Institution for Biological Research into the 
Scripps Institution of Oceanography had not made abandonment 
of the entire program virtually obligatory after three years of 
support by the Carnegie Institution. The abandonment of this 
research program was deeply regretted by Sumner and was 
regarded by his biological colleagues as a very great mistake, 
"a colossal blunder," as one of them has put it. Sumner had 
made the field his own, had attained results of very great interest 
and importance as regards inheritance and evolution and there 
was every promise of further results of no less interest and 
value. However, in spite of his deep disappointment no time 
was lost in bemoaning fate. He turned again to the problems of 
color and its changes in fishes and continued work in that field 
until his death, this line of investigation being regarded by the 
directors of the Scripps Institution as within the scope of its 
function. 

He discovered that in addition to the relatively rapid and 
readily reversible changes of color and pigment pattern in 
relation to environment, which are due to altered distribution of 
pigment granules already present in cells of the integument, the 
total amount of pigment present may undergo increase or de- 
crease more slowly, also in relation to environment and also 
with the result of decreasing visibility of the fish. These 
studies involved chemical determinations of amounts of pigment 
and were carried on with the aid of coworkers. The determina- 
tions demonstrated that the dark pigment, melanin, increased 
in certain fish species kept on increasingly dark backgrounds 
with uniform intensity of illumination. In the same species 
the white pigment, guanin, increased in amount when the fishes 
were kept on increasingly light backgrounds with uniform 

158 



FRANCIS BERTODY SUMXER CHILD 

illumination. These experiments appear to have established 
beyond doubt that the factor effective in determining the reaction 
is the albedo, that is, the ratio between the light reflected from 
the surface of the background and the incident light by which it 
is illuminated. Sumner has pointed out that this type of reac- 
tion seems to have something in common with the ability of the 
human being to recognize shades correctly under different 
lighting conditions. However, neither in the fish nor in man 
is anything known concerning the mechanism of such reactions. 

The conclusion that so-called protective coloration actually 
protects has been disputed in recent years by various biologists, 
but Sumner's researches have demonstrated conclusively by 
actual experiment that protective color does protect. Fishes so 
pigmented that they were less distinctively visible to the human 
eye in a given environment were less frequently taken by 
predatory birds and also by larger predatory fishes than other 
individuals of the same species so pigmented that they were 
more clearly visible. 

Studies of fish metabolism in relation to temperature were 
also carried on with coworkers. Sumner was interested in the 
adaptation or acclimation to high temperatures, in nature, to 
life in warm springs at temperatures which are lethal to un- 
acclimated individuals. Data of interest concerning the differ- 
ences in oxygen consumption at the different temperatures and 
the changes during acclimation were obtained. 

In a discussion of "The Naturalist as a Social Phenomenon" 
at a symposium sotiae years ago (American Naturalist, 74, 
1940) Sumner raised the interesting question whether he 
himself or others would continue research if there were no 
possibility of publication or other method of communication of 
the results. He believed that the answer would be an almost 
unanimous negative, including his own. Moreover, he main- 
tained that even with anonymous publication there would be 
comparatively little interest in research. This attitude of mind 
he regarded, not as evidence of selfishness or due to personal 
vanity but rather as indicating that even the scientific man is a 
gregarious animal and obtains satisfaction "from the approba- 
tion and sympathetic understanding" of his colleagues. 
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He believed that all science, even the "purest/' is completely 
justified by its value to human life, quite apart from any prac- 
tical application. No matter how small the contribution of the 
individual may be, he is heading in the right direction. fc 'But 
we must recognize the existence of various standards of value 
other than economic or practical ones. I merely insist upon ap- 
plying to science the same standards as those which we apply to 
music, literature, art or religion, namely, their contribution to 
the life of the whole man, taken in the broadest possible sense. 
* * * Science is not the handmaid of industry, nor is it a mere 
intellectual pastime. It is a quest for the facts and principles 
upon which to erect a true philosophy of life" (Life History, 
p. 262). Many of the so-called benefits of science, particularly 
those which have made it possible for larger numbers of human 
beings to live in a given restricted area he regarded as some- 
thing other than unmixed benefits to man. One does not know 
his reaction to the military applications of atomic research. 

Mention of some of his many interests outside the fields of 
his researches serves to throw further light on his personality. 
He had a deep appreciation of, and love for, undespoiled scenic 
nature and was particularly attracted to the so-called desert 
regions of Southern California, Arizona, and New Mexico. The 
writer shared his feeling and was privileged to be his com- 
panion on various trips into these regions. No better companion 
could be desired. He was an ardent conservationist, was a 
member of various conservation organizations and wrote and 
spoke in support of his views. He deeply deplored the waste 
of natural resources and the substitution of ugliness for natural 
beauty. The "booster" type was anathema to him. However, 
he has pointed out that the efforts of conservationists are 
largely futile. They, like other "reformers," are amateurs. 
"Their opponents are professionals. How can a few zoologists, 
botanists and nature-lovers, innocent of ^ the game of politics, 
make any headway against such eminently practical people as 
lumbermen, real-estate promoters, cattle and sheep raisers, water- 
power magnates, sportsmen and ammunition dealers groups 
united in the common enterprise of destroying our wild life 
and our scenic beauty?" (Life History, pp. 225-6). 
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Closely associated with his views concerning conservation 
was his firm belief in the necessity of birth control. He held 
that the United States as well as the world in general is over- 
populated and that, without restriction of increase, life must 
become less worth living. He was no less active against the 
antivivisectionists, but considered the medical defense of vivi- 
section unjustified or actually disingenuous. He wrote in the 
"Life History": ''Every biologist knows that a large part of 
the work conducted in our laboratories of physiology and experi- 
mental biology has only the remotest relation to questions of 
health and disease. They (?) relate to fundamental problems 
or animal life or plant life, and the investigators themselves 
are seldom thinking of any practical applications of their dis- 
coveries. Why must we tell the voters that medical progress 
is the real object of all such work? Why not try to give them 
a glimpse into the amazing world of life processes which has 
been revealed during the past hundred years and point out to 
them though this would hardly be necessary that these things 
could only have been discovered through the study of living 
animals, while living." For several years he was a member of 
the Advisory Board of the Society for the Legalization of 
Euthanasia. That he stood for freedom of speech and civil 
liberties goes without saying. Various titles in his bibliography 
indicate the wide range of his interests. Some time before his 
death he had a part in establishing a discussion club at La Jolla, 
including not 0ny members of the Scripps Institution staff but 
others in the town who were interested. Since his death this 
has been 'named the Sumner Club in his memory. 

His discussion of "that great welter of contradictory thoughts 
and emotions which is suggested by the word 'religion' " in 
Chapter XXIII of the "Life History" reveals his independence 
of thought and his intellectual honesty as clearly, perhaps, as 
anything he has ever written. It seems to the present writer a 
remarkably fine example of straight thinking in a highly con- 
fused and controversial field. Concerning his own views, only 
the following sentences need be quoted. He wrote: "I have 
long been intrigued by the notion of a creative principle which 
is itself undergoing evolution. This great chaotic universe, 
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wasteful, cruel and imperfect in countless ways, is so because 
both it and its maker are in the process of making. Creation 
is a vast process of trial and error, and the creator itself can- 
not foresee a result prior to any experience of this. Such a 
view divests the creative agent of some of its omnipotence, to 
be sure, but it seems to me the only alternative to a view which 
makes cruelty and injustice basic in the organization of the 
universe." 

Sumner's serious concern with many problems of science and 
social life was balanced by a deeply, though quietly humorous 
vein which often found expression in the most unexpected ways 
and was much appreciated by those who knew him. It is evi- 
dent in his discussions of P. D., the Personal Demon, which he, 
like most of us, sometimes felt was responsible when things 
consistently "went wrong," not only in the ordinary concerns 
of life, but in experimental science. A paper in the Scientific 
Monthly, entitled, "The Philosophical Basis of Pediatrics," is 
concerned, not with pediatrics in the usual sense, but with 
P. D., the Personal Demon. Referring to P. D. on page 292 
of the "Life History/' he says: "I shall leave to my philosophi- 
cally minded readers the task of identifying this Personal 
Demon (The T. D/, as some of us familiarly call him in our 
laboratory) with the famed 'Uncertainty Principle' of Heisen- 
berg and his legion of followers. I am disposed to feel that 
my discovery, which surely antedates Heisenberg's by several 
decades, entitles me to full priority in the rpatter! All that 
Heisenberg seems to have added is the mathematical garnishing." 

Some of Stunner's colleagues have been inclined to regard 
him as a pessimist. However, what may have seemed to them 
.to be pessimism was evidently nothing more than the dislike of 
one as honest as he was for much that he saw in the world, even 
the scientific world, about him. That dislike very commonly 
expressed itself humorously rather than in bitterness or dis- 
couragement. His interest and activity in relation to conserva- 
tion and other social problems is a sufficient answer to those who 
considered him pessimistic. Moreover, no thoroughgoing pessi- 
mist would or could have devoted himself so whole-heartedly and 
tirelessly to research in "pure" science as he did. His absolute 
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scientific integrity has influenced and helped many younger 
workers, both at the Scripps Institution and elsewhere. The 
writer of this memoir knew him, not only as a zoologist, but 
as a good companion and, since his death on September 6, 1945, 
has felt keenly the loss of a highly valued friend with an ex- 
tremely interesting mind. 
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WILLIAM BERRYMAN SCOTT 
1858-1947 

BY G. G. SIMPSON 

I. Life 

A great-great-great-grandson of Benjamin Franklin, grand- 
son of Sarah Bache, great-grandson of Catherine Wistar (sister 
of Caspar), grandson of Charles Hodge (for 56 years professor 
in Princeton Theological Seminary), and son of William 
McKendree Scott (a graduate of that Seminary), might be ex- 
pected to have close associations with Philadelphia and with 
Princeton. It seems almost anomalous that William Berryman 
Scott was born in Cincinnati, Ohio (on 12 February 1858), but 
in 1861 his family moved to Princeton, which was to be his home 
during most of his life. His father died in December of that 
year. Young William Berryman was raised by his beloved 
mother, Mary Elizabeth (Hodge) Scott, and her father, Charles 
Hodge, whom his grandson "held in a love and reverence that 
are quite impossible to describe." 

Scott was frail and sickly in childhood. He had little com- 
panionship in his own age group and his adult associates were 
kindly but sober and deeply religious. His childhood reading 
ran to theology, philosophy, and the classics. In college he took 
some part in athletics and he formed wider and more appropriate 
friendships, but his sedate, withdrawn childhood left some per- 
manent traces in his character. His early education was also 
affected. He studied with his mother, with tutors, and in a 
series of schools most of which he judged worthless in retro- 
spect. His inadequate preparation did not, however* prevent 
entrance to the College of New Jersey (sow Princeton Uni- 
versity) at the age of 15, in 1873. Native ability soon com- 
pensated for an initial handicap, and he soon went to the head 
of his class and was tied for first place at graduation. 

Precociously mature, quiet, and sensitive, the young student 
(by his own later statement) was not popular outside of a 
restricted circle of intimates. Outstanding among these were 
his classmates "Sally" Speir (Francis Speir, Jr.) and "Polly" 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXV 

Osborn (Henry Fairfield Osborn), both of whom became life- 
long friends. To these contemporaries and to his family, Scott, 
himself, was "Wick/' 

The future author of "The theory of evolution, with special 
reference to the evidence upon which it is founded," had assumed 
as a boy that he would enter the clergy and had acquired from 
his revered grandfather a violent antipathy toward all evolu- 
tionary ideas. In his junior year he took a course in geology 
under Guyot, but he was more fascinated by such courses as 
psychology under McCosh (then president of the College) and 
literature under Murray. The turning point, often recalled in 
later years, was marked by an idle remark during the examina- 
tion period of his junior year, in June, 1876. Scott, Osborn, 
and Speir were lying on a canal bank after a swim, trying to 
read Paley but finding the day too balmy for natural theology. 
His daydreaming inspired Scott to say, "Fellows ! I have just 
been reading in an old Harper's an account of a Yale expedition 
to the Far West in search of fossils ; why can't we get up some- 
thing of the kind?" The query was not meant seriously, but 
Osborn and Speir acclaimed it with, "We can. Let's do it !" 
That idle moment completely changed the careers of Scott and of 
Osborn and had a profound influence on the history of paleon- 
tology. There is a certain irony in the fact that the inspiration 
came from O. C. Marsh (his was the expedition related in 
Harper's Magazine), whom Scott later "came nearer to hating 
. . . than any other human being." 

The projected expedition materialized after the three friends 
were graduated in 1877. It was a grand affair led by Dr. 
Brackett, professor of physics, with General Karge to lead the 
Indian fighting (which happily did not occur) , eighteen students, 
and two cook-teamsters. After a journey through Colorado, 
which appeared to the would-be bone diggers as mere aimless 
wandering, the professor and the general quarreled. This had 
the result, most fortunate as it proved, that the general left the 
main party and, with Scott, Osborn, and Speir went to Fort 
Bridger, Wyoming. In that region they made a good collection 
of early Eocene mammals, including a skull of Uintatherium, 
which Dr. Guyot had especially wanted and which was large 
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enough and grotesque enough to attract wide attention in 
Princeton. 

Speir eventually became an attorney, although he long retained 
a collector's and amateur's interest in fossils. The professional 
fate of Scott and of Osborn was sealed by their early collecting 
and work on the resulting specimens. It became inevitable that 
they should be geologists, biologists, or (as finally eventuated) 
a combination of the two, that is, paleontologists. A graduate 
year at Princeton, 1877-78, was devoted to studying anatomy, 
among other things, and especially to the enthusiastic and, at 
first, somewhat amateurish study of their own collection. 

At this time the great figures in paleontology in this country 
were Joseph Leidy and E. D. Cope of Philadelphia and O. C 
Marsh of New Haven. Cope and Marsh were bitterly an- 
tagonistic and the Cope-Marsh feud was getting into full swing. 
Leidy, disgusted with this affair, was withdrawing from paleon- 
tology into the more peaceful fields of biological research. After 
an initial rebuff caused, perhaps, by his suspicion that they might 
have some connection with Marsh, Cope became -cordial and 
helpful to Scott and Osborn. They maintained warm friend- 
ship with him to the end of his life some twenty years later. 
They were inevitably drawn into Cope's war with Marsh, as the 
years went by, and they staunchly supported Cope's side, In 
memory, they kept this factional bitterness alive long after the 
original fetidists had disappeared from the scene. Scott always 
maintained that some day he would write and publish to the 
world the full story of Marsh's perfidy and other failings, but 
fortunately he never carried out this threat, which could, 
indeed, have been countered by evidence that Cope was human, 
too. The young students also met and greatly admired Leidy, 
who gave them considerable assistance in their first venture 
into paleontological research. 

In the summer of 1878 there was another Princeton expedi- 
tion, this time on a more modest scale and with a more definite 
purpose. "The triumvirate," Scott, Osborn, and Speir, returned 
to the Bridger Basin where they obtained another good collec- 
tion of fossil mammals as well as a fine lot of Eocene fish from 
the now famous Green River Shales. 
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That autumn both Scott and Osborn went to Europe to com- 
plete their advanced studies, the usual procedure for higher 
professional education in that day. Scott landed in London with 
no concrete idea as to what, where, or with whom he was going 
to study, but he carried a letter from Leidy to Huxley, and 
Huxley took him in hand and helped to direct his further devel- 
opment. After attending Huxley's lectures at the Royal College 
of Science and working in his laboratory, Scott moved to Cam- 
bridge where (with Osborn) he studied embryology under 
Balfour. Thence he went to Germany, where he perfected his 
knowledge of German and worked with Gegenbaur at Heidel- 
berg. There he wrote a dissertation on the embryology of the 
lamprey, Petromyzon, and was made a Doctor of Philosophy 
in 1880. 

Back in Princeton, President McCosh was energetically trying 
to Improve and broaden instruction at the College and in 1880 
he called to the faculty nine instructors to whom he referred as 
"my bright young men." Two of these were Scott and Osborn, 
both engaged to strengthen the teaching of science. Their 
interests and training had been almost identical, but academic 
needs turned Scott to the teaching of geology and Osborn to 
comparative anatomy. Both became vertebrate paleontologists, 
but this divergence in their early teaching left a mark. Scott 
added to his biological training a more evident geological back- 
ground, and this is still noticeable in Princeton paleontology. 
Osbonf s more purely biological outlook long characterized the 
Columbia school. 

Scott served actively on the Princeton faculty for just fifty 
years, 1880-1930, and after his retirement he continued to work 
mainly at Princeton to the end of his long life. In all. he was 
associated! with the College and the University (as it became 
in 1896) for seventy-four years, more than a third of the whole 
history of an institution which is accounted venerable in 
America and which celebrated its bicentennial in the year of 
Scott's death. He was promoted to full professorship in 1884 
at what now seems the startlingly early age of 26. He was the 
first chairman of the Department of Geology, established in 
1904, and served in that capacity until his retirement in 1930. 
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During this period he guided and, when necessary, fought for 
the improvement and expansion of the department, which grew 
from three to thirteen members under his leadership. 

Scott considered teaching as his most significant work, and 
there is evidence that his students found him an inspiring and 
successful teacher. John Grier Hibben, who was in Scott's 
first class and who later became president of the University, 
wrote to Scott in retrospect: "You gave us a new view of 
scholarship as an adventure into the unknown and great world 
of knowledge. You had the spirit of an explorer returning 
from his absorbing quest and you were able by your enthusiasm 
to impart that spirit in large measure to us." Fifty years in 
the classroom did not eliminate that enthusiasm, as witness the 
student reporter who wrote when Scott retired, "We cannot 
view with equanimity a world bereft of some of his lectures 
such as the 'Eruption of Vesuvius' or the even more popular 
'Johnstown Flood'/* 

Scott confined his teaching to undergraduates. He did not 
give professional training in geology, but he built up a depart- 
ment which became signally successful in such training. He 
founded no school of paleontological practice or theory, but 
under his younger associate, W. J. Sinclair, and under Sin- 
clair's student, G. L. Jepsen, Princeton continued to develop as 
a major center for both teaching and research in vertebrate 
paleontology. Within this science, Scott's important direct 
influence was rather through his activity in professional societies 
and through his publications than through teaching. 

In 1883, when his salary had readied the substantial figure of 
$2,500, Scott married his boyhood sweetheart, Alice Post. The 
marriage was singularly happy and was clouded only by having 
two children, Anne and Hugh, die in infancy, and another, their 
first child, Charles Hodge Scott II, die before them (in 1926) 
at the age of 41. Four daughters, Adaline, Angelina, Mary, and 
Sarah survive, as does Mrs. Scott. 

In his early years on the Princeton faculty, Scott spent eight 
summers in the field, building up fresh collections without 
which vertebrate paleontology stagnates or becomes an arm- 
chair science. The first of these expeditions, in 1882, worked 
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mainly in the White River Badlands and began from that 
extraordinary deposit the accumulation of Oligocene mammals 
which, with rich additions by Sinclair and others, has become 
an outstanding feature of the Princeton collections. Perhaps 
at this time was born an ambition to revise the whole of that 
great mammalian fauna, a plan carried to completion almost 
sixty years later. In 1884 Scott and his party visited the Big 
Horn Basin of Wyoming in search of early Eocene mammals, 
but this was, in Scott's own words, "a complete failure." This 
cannot be said of any other Princeton expedition for fossil 
vertebrates, and the stigma, if any existed, was fully wiped out 
by later work under Sinclair and Jepsen which has amassed, 
mainly from the Big Horn Basin, one of the greatest collections 
of early Eocene mammals in the world. 

In 1885 and 1886 Scott returned to the Bridger beds, where 
he had worked with Osborn and Speir in 1877 an< 3 1878. In 

1889 he collected from the John Day formation in Oregon. In 

1890 a brief visit was made to South Dakota and in 1891 Scott 
collected in the vicinity of White Sulphur Springs in Montana. 
On all of these expeditions Scott took along parties of students 
or recent graduates and their contributions paid for the expenses 
of the work. 

In 1893, John Bell Hatcher, one of the greatest of fossil 
collectors, left Marsh's employ and came to Princeton to work 
under Scott. That summer Scott and Hatcher returned to the 
White River Badlands and had phenomenal success. The 
results (quoting Scott) were "incomparably greater in amount" 
than any from Scott's earlier parties and reflected "the difference 
between professional and amateur collecting/' Scott felt that 
there was no real need for him, put the party in Hatcher's hands, 
and returned borne early. Scott never again collected a fossil, 
althotigh he was only 35 when he made this renunciation of field 
work and although he continued to be a frequent traveler. 
Hatcher made otlier large western collections for Princeton, and 
in 1896-99 conducted the Princeton Patagonian Expeditions, 
which occupied Scott's research and editorial efforts for many 
years. In 1900 Hatcher went to the Carnegie Museum in Pitts- 
burgh and he died in 1904 at the early age of 43. After 
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Hatcher, the continuously successful Princeton fossil vertebrate 
collecting campaigns were directed or conducted, in the main, 
first by Sinclair and more recently by Jepsen. 

The facts that Scott still considered himself an amateur after 
ten collecting expeditions and that he gladly turned over this 
activity to others as soon as opportunity presented, demonstrate 
his own judgment that field work was not his strong point and 
perhaps also reflect a certain distaste for this physical activity, 
even more strenuous then than now. He certainly appreciated 
the picturesque aspects of life in the field, amusing incidents 
of which were often repeated in later years and occupy much 
space in his autobiography. He must, however, have lacked the 
real love of life in the open and the burning passion for the fossil 
chase that activate so many of his colleagues. Nevertheless, his 
field experience gave him a touch for geological reality which 
is missing in those paleontologists whose experience has been 
mainly indoors, and it laid the basis for a collection that has 
become one of the major assets of American vertebrate 
paleontology. 

Even though he may have had mixed feelings about camping, 
tramping, and digging, Scott surely loved to travel, to see new 
places and to make and renew friendships. London, the only 
large city in which he ever lived, always retained a special 
attraction for him. His friendships with British colleagues 
were also among the most treasured things in his life. One of 
the few drawbacks of his long and unusually placid, happy life 
was the sorrow caused by the death before him of nwst of these 
old friends. 

Scott learned to speak German fluently, and his student days 
in Germany left him with a strong admiration for many things 
in that country. The German universities were then at their 
height and Scott considered them the best in the world. (He 
later recognized and deplored their decline from this peak.) 
He found most Germans friendly and admired, especially, their 
widespread respect for learning, science, and art. He noted, 
however, "the hard egoism and envious disposition which char- 
acterized so many Germans." He highly esteemed such col- 
leagues as Zittel, Schlosser, and, especially, E. Fraas, but he 
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seldom spoke of German friends with the same warmth 
as of the British. He noted and detested the influence of 
the army in Germany and foresaw where it would lead. The 
first World War so upset him that he could not work outside 
of routine. He was eager to have the United States enter what 
he considered a crusade against Prussian militarism for the 
benefit of what was good in Germany as well as for the peace 
of the world. Even this degree of faith in the Germans was 
shaken by the second war. 

One of the highlights of Scott's life was a long journey in 
1900 which took him to Germany and England again and then 
to the Argentine by way of Portugal and Brazil. The main 
purpose of these travels was to study and photograph type 
specimens of fossil mammals from Patagonia, for use in research 
on Hatcher's collections. Paleontology in the Argentine was 
then very active but bitter in a way too reminiscent of the days 
of Cope and Marsh in North America. Moreno, Burmeister, 
and Ameghino were carrying on a three-cornered feud which 
stopped at nothing in the way of vituperation or even, at times, 
more direct injury. Scott managed to steer his way with con- 
summate diplomacy and was able to examine not only the offi- 
cial collections, in the Museo de La Plata, then controlled by 
Moreno, but also the Ameghino collection (considerably superior 
in the field of interest to Scott), then still private property. 
Ameghino had acquired a reputation for being secretive re- 
garding his specimens, but Scott's open and friendly approach 
gave him full access to all of these and even free permission to 
figure them in future publications. This outcome speaks well for 
both men and establishes the fact that any fault that may have 
existed in Ameghino's attitude was provoked by his enemies. 

This journey and Scott's extensive publications on Patagonian 
fossils gave rise to a widespread impression that he had explored 
Patagonia, Three of Scott's outstanding characteristics, in- 
tegrity, modesty, and humor, are reflected in his later remarks 
that some of the awards made to him must have been based on 
this mistake and that he was the only man who had been honored 
for exploration in Patagonia without the preliminary formality 
of visiting that region. 
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Others among Scott's many travels that stood out particularly 
in his memory were the trip to the South African meeting of the 
British Association for the Advancement of Science in 1905, 
involving a circumnavigation of Africa as well as wide land 
excursions, and a cruise to the Canal Zone in 1911. At various 
times he also visited Italy, Spain, Switzerland, Cuba, and many 
other parts of the world, with Australia and the Far East as the 
major exceptions. During the long period after he had an 
established reputation and while he retained full physical vigor, 
he played an unusually active part in national and international 
scientific affairs. In the latter field, he was a frequent delegate 
to the international zoological and geological congresses and to 
celebrations of foreign universities and societies. In- addition to 
the British Association, he was a member of the Geological, 
Zoological, and Linnaean Societies of London. 

Scott's election to the National Academy of Sciences came 
in 1906, when he was 48 years of age. This will not seem a very 
late election to many members of the Academy and forty-one 
years as a member is exceptional, but Scott indicated, with a 
touch of naivete not entirely characteristic of him, that he con- 
sidered his election long deferred. He ascribed this delay to 
the enmity of Marsh, who died seven years before Scott's 
election but who had been a dominating figure in the Academy 
during the years when Scott was rising to eminence. Scott was 
more active in the American Philosophical Society, where he had 
a truly remarkable record. He was elected in 1886 at the age 
of 28 and was a member for sixty-one years. Until the last 
few years of his life he missed few meetings except during his 
trips abroad. He was president of the Society from 1918 to 
1925. He was also active in the Paleontological Society, of 
which he was president in 1911, and the Geological Society of 
America, president in 1925. He took a friendly interest in the 
recent organization of the Society of Vertebrate Paleontology, 
but left the active work of that society to younger colleagues. 
Among other professional organizations to which he belonged 
were the American Academy of Arts and Sciences, the Academy 
of Natural Sciences of Philadelphia, the Academies of Sciences 
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of New York and o Washington, and the American Associa- 
tion for the Advancement of Science. 

Recognition of Scott's work included honorary degrees from 
the University of Pennsylvania (1906), Harvard (1909), Ox- 
ford (1912), and Princeton (1930). The National Academy 
of Sciences bestowed on him both the Mary Clark Thompson 
Medal (1930) and the Daniel Giraud Elliot Medal (1940). 
He also received the Wollaston Medal (1910) of the Geological 
Society of London, the E. K. Kane Medal (1905) of the Geo- 
graphical Society of Philadelphia, the F. V. Hayden Medal 
< 1926) of the Academy of Natural Sciences of Philadelphia, 
the R. A. Penrose Medal (1939) of the Geological Society of 
America, and the Walker Grand Prize (1934) of the Boston 
Society of Natural History. 

After his retirement in 1930, Scott applied himself with even 
closer devotion to research, but his other professional activities 
inevitably tended to become more restricted. His time at home 
was divided between Princeton and Cataumet (on Cape Cod) 
and he was a frequent and welcome visitor at the American 
Museum of Natural History, the Museum of Comparative 
Zoology at Harvard, and other institutions with collections of 
interest to him. During this period he undertook and com- 
pleted his revision of the White River fauna, and followed this 
with an almost equally ambitious plan to revise the late Eocene 
Uinta fauna. In spite of his sickly childhood, he retained 
unusual physical and mental vigor to an advanced age. His 
powers began visibly to fail only in the last few years of his 
life and he was at work on the Uinta monograph up to two days 
before his death, which occurred at Princeton in his ninetieth 
year on 29 March, 1947. 

This brief and formal account of Scott's life has perhaps 
failed to portray its subject in the round and in full color. If so, 
the proper corrective is to read Scott's autobiography (1939, 
listed in the bibliography, below). There he reveals his own 
admirable character more fully, consciously and unconsciously, 
than could be achieved by a biographical memoir. He did not 
have the overpowering presence of Osborn and certainly not the 
slightly rakish air of some of his other colleagues, but he was 
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neither weak nor prim. He never wholly lost the reserved 
manner developed during his boyhood and he insisted on 
gentlemanly conduct in himself and in others, but he was flatly 
outspoken on matters of principle and was a charming conversa- 
tionalist given to delightful sallies of rather dry, always kindly 
and never improper humor. 

It is one result of his long life that most of those who can now 
write of Scott were separated from him by one or two genera- 
tions. To us he became during his lifetime an almost fabulous 
link with the heroic past. The young and even the middle-aged 
Scott tends to elude us, except as he could be glimpsed through 
his own phenomenal memory and the introspection of his later 
years. As we knew him and as he revealed himself, he was 
characterized by mild but steadfast character, by unflinching 
integrity, by unassuming worth, and by "a mind at leisure 
from itself" fas he quoted on his eightieth birthday). His life 
was a masterpiece, long and full of happiness and of achievement. 

(NOTE: This account of Scott's life has drawn heavily on 
his autobiography, published by the Princeton University Press. 
Some information has also kindly been supplied by Dr. G. L. 
Jepsen.) 

2. Works 

Throughout his career, the great bulk of Scott's published 
works consisted of descriptive studies of fossil mammals. This 
generalization fails, however, to convey ^n adequate idea either 
of the development or of the full scope of his research. This 
work was marked by common themes and by considerable con- 
tinuity, but it can be divided into four intergrading periods. 
The earliest period began with his first technical publication in 
1878 and lasted, approximately, through the i88o's. These 
were more or less the 2Oth to 3Oth years of Scott's life, and the 
important output of these years demonstrates the fact that Scott 
not only remained active to a great age but was also precocious. 
In this period Scott published his few embryological studies, 
products of his graduate work, and the first of many mono- 
graphs on fossil mammals. A number of these papers were 
written jointly with Osborn, who was also at Princeton during 
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this period. Osborn went to New York in 1891 and collabora- 
tion then ceased although friendship continued. 

Scott's second period covered roughly the decade of the 1890*3 
and the 30*5 of Scott's life. It was (in this reviewer's opinion) 
the time of his greatest powers as a research student, charac- 
terized by a series of monographs of highest value and also by 
brief but searching discussions of evolutionary theory. The 
third and longest period, from around 1900 until the early 
thirties, was dominated by one great project, the Patagonian 
memoirs, and by the production of several textbooks. There 
was increasing maturity and no diminution of vigor in his work, 
but there was some narrowing of its breadth or depth, except 
as wider interests were reflected in compilation of his books. 
The last period, in the declining years of his eighth and ninth 
decades, were devoted almost exclusively to two projects, the 
White River monograph and the similar but uncompleted Uinta 
monograph. 

Among Scott's outstanding contributions to the study of evo- 
lution were two memoirs, both published in 1891, the first on 
Poebrotherium and the second on Mesohippus and Leptomeryx. 
Besides the descriptive parts of these papers, the first included a 
list of what Scott considered the most important questions 
regarding evolution and the second attempted to answer these 
questions from the paleontological point of view. These treat- 
ments are of such exceptional interest for the history of paleon- 
tology and biology that it is worth while to summarize them here. 
The main questions and the gist of Scott's answers were as 
follows : 

Regarding the "mode" of evolution, by which Scott meant 
the so-called "laws*' or morphogenetic principles of evolution : 

i. Are polytypic genera monophyletic or polyphyletic in 
origin? The genetical genera of taxonomic theory are mono- 
phyletic by definition. The morphological genera of practice 
are probably often of polyphyletic origin because of the wide- 
spread incidence of parallelism and convergence. 

2 and 3. How are parallelism and convergence possible and 
to what extent have they occurred? Parallelism and conver- 
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gence, which are different degrees of the same phenomenon, are 
common results of the modification of different groups to achieve 
similar evolutionary ends. Both are extremely widespread 
in the historical record and they demand close attention to 
morphological differences if that record is to be read correctly. 

4. Can a structure which has once been lost ever be regained ? 
Paleontology cannot give a conclusive answer ; it is probable that 
such a process can occur but rarely does. 

5. Does evolution tend to move steadily in one direction? 
This seems to be normal, but not quite universal, in mammals. 
The generalization may not be valid for lower forms of life. 

6. In higher animals, does advancing differentiation always 
involve reduction in numbers of parts? It normally does so. 
Reduplication can theoretically occur but is exceptional. 

7. Does such reduction always occur in the same way in 
different lines? The mode of reduction is generally very uni- 
form, in mammals, at least. 

8. (As an example of many questions of a more special 
character ) What effects follow by mechanical necessity from 
great increase or decrease in body size? (Scott specified a 
number of such effects and showed them to be quite general.) 

This really extraordinary list shows how progressive Scott 
was at that time and how much more morphogenetic theory owes 
to him than is now commonly realized. Although none of these 
points was, or was claimed to be, completely original with Scott, 
he is here seen to have discussed "Dollo's Law" (4) before 
Dollo, "Williston's Law" (6) before Williston, graviportal 
adaptation (8) before Osborn, orthogenesis (5) before Haacke 
or Eirner (indeed, before the term was invented), etc. 

On the broader problem of the causes of evolution, which he 
called "factors" as opposed to "modes," Scott strongly criticized 
Weissmannian neo-Darwinism and took a definitely, although 
not extremely, neo-Lamarckian position. In a critical review of 
Bateson's work, Scott later (1894) maintained that random 
and discontinuous variations (i.e., very nearly mutations in the 
later genetical sense) have little to do with evolution, which 
normally proceeds by continuous and oriented change (mutation 
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in the original sense of Waagen, not in that of the later 
geneticists). 

It is characteristic of this period of Scott's work that these 
broad and profound theoretical discussions were the outcome 
of and were appended to descriptions of particular fossils. 
Most of his monographs of various groups and genera were 
considerably more than mere description, important as were 
the descriptions as accurate, factual additions to knowledge. 
Among many other examples of major studies that oriented 
morphology against a broad background of phylogeny and 
theory may be mentioned such publications as his revision of 
the oreodonts (1890), several basic studies of the creodonts 
(e.g. 1888, 1892), revisions of the Uinta (1889) and Deep 
River (1893) faunas, and monographs on Dinictis (1889), 
Ancodus (1894), Hyaenodon (1894), Protoceras (1895), Elo- 
therium (1898), and Eocene selenodont artiodactyls (1899). 

After Hatcher's highly successful expeditions to Patagonia, 
Scott assumed the long and arduous task of editing the whole 
series of reports and writing some of those on Miocene (Santa 
Cruz) mammals. This work was begun in 1900 and continued, 
with an interruption during the first World War, until 1932 
when the last of fifteen (nominally eight) luxurious volumes 
was issued. Aside from research in Princeton, it involved for 
Scott the voyage to the Argentine mentioned above and also 
several trips to Germany, where the earlier volumes were printed. 
Scott's own contributions were more narrowly morphological 
and taxonomic than much of his earlier work, but they were 
outstandingly good within their scope. In addition to their 
great and permanent factual value, they brought order and 
reason into an important field of study that was in a really 
chaotic condition when Scott entered it. 

As an outgrowth of his teaching, Scott had written a text- 
book of geology, first published in 1897, and during the period 
of work on the Patagonian reports he twice thoroughly revised 
and expanded this (1907, 1932). During this period he also 
published a textbook of physiography (1922) and a book on 
evolution (1917), in /which he stressed the evidence for the 
reality of organic evolution more than the theoretical principles 
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as to how and why evolution has occurred. A more direct out- 
come of his personal research and perhaps the most valuable of 
all his books was "A history of land mammals in the Western 
Hemisphere" (1913), in which he summarized all that was 
known of the history, characteristics, phylogeny, and distribu- 
tion of mammals in North and South America. A revised 
edition of this book, issued in 1937, was so completely rewritten 
and brought up to date (with help from G. L. Jepsen and others) 
that it might be considered a new production. This work is 
truly a paleontological classic and is one of the most valuable 
text and reference books available to the mammalogist, paleo- 
or neo-. It has one peculiarity: Scott intended it as a popular 
book, although it is commonly considered far too technical for 
the general reader, and he felt that for this audience it was 
preferable to take up the history in the reverse of the usual 
order, starting with the recent and more familiar and working 
backward through time. This peculiarity, which is mentioned 
for its interest regarding Scott's work and personality and not 
as a criticism, was retained in the revision, over the protests of 
some of Scott's colleagues (but with the approval of some 
others). 

In 1934, in his seventy-seventh year, Scott undertook another 
major research task, the revision of the White River fauna. 
With the assistance of Scott's successor, Jepsen, and with two 
of the smaller sections written by A. E. Wood, this was com- 
pleted and was published in five quarto parts by the American 
Philosophical Society, 1936-1941. One more smaller study, on 
the Duchesne River fauna, was completed and published under 
the same auspices (1945), but another major project, on the 
Uinta fauna, was left unfinished. 

There is no doubt that Scott will occupy a permanent and 
high place in the history of his science. He and Osborn domi- 
nated vertebrate paleontology in America, one might say in the 
world, as Marsh and Cope had in the preceding generation. The 
parallel can be pushed a little further, for Scott and Marsh were 
both at their best in dealing with practical and theoretical mor- 
phology, while Osborn and Cope were by preference and tempera- 
ment theoreticians in a broader sense and tended to consider 
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morphology as a somewhat wearisome necessity. In personality 
and in the effect of personality on science, Scott and Osborn 
happily did not parallel Marsh and Cope. They cooperated with 
each other, remained firm friends, and passed on a tradition 
of mutual helpfulness to their successors. They encouraged and 
aided younger men to enter their profession, and the great 
expansion of this profession in the last few decades is due in 
large measure to them. 

Without disparagement but as a dispassionate judgment such 
as he would have welcomed, a review of Scott's career leads to 
a feeling of regret in just one respect. He tremendously ad- 
vanced the science of paleontology as he found it, but he made 
few noteworthy innovations in its methods or principles and 
contributed little of a fundamental nature for integration with 
the broader fields of biology or geology. This is the more re- 
grettable and the harder to understand when the achievement 
and apparent greater promise of his 30*3 are considered. Already 
in his 4o's, when most biologists or geologists of his stature are 
reaching greatest fulfillment, his outlook was becoming narrower 
and his insight into the deeper problems of his subject seems to 
have ceased to develop, or even to have retrogressed. It is sig- 
nificant that when he heard a discussion of Mendelism and evolu- 
tion in 1904 his reaction was to repeat "Uncle Jack Robinson's 
formula, 'Mebfae it is, but I don't believe it/ " It is still more 
significant that he could write in 1937 that he had found no need 
**to abandon any of the tentative conclusions concerning the 
modes and factors of mammalian evolution which were formu- 
lated so many years ago." To the end of his life, the only appar- 
ent change from his views from the 1890*5 was an increasing 
disillusionment. He remained anti-Darwinian and retreated 
f torn his cautious neo-Laniarckism without finding anything to 
replace it, so that evolution became for him simply inexplicable. 
He had earlier (in 1913) expressed a hope that experimental 
zoology and paleontology might solve these problems by com- 
bining their resources, but he saw no real basis for such a 
synthesis and did nothing to promote it. 

The slight feeling of regret that Scott did not accomplish still 
more is in itself a tribute to how much he did accomplish. No 
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one wishes that mediocrity had been more fully expressed, but 
one does wish that Scott's exceptionally well balanced mind and 
profound knowledge had been more fully expressed on levels of 
higher abstraction. Even this appreciative wish would not be a 
proper note on which to end the evaluation. Scott's disillusion- 
ment with attempts to explain evolution and his retreat from 
theory occurred in a period when the basic study of evolution had 
fallen into confusion and when many despaired of achieving a 
reasonable and valid generalization. Some students reacted by 
proposing solutions that seem, in retrospect, merely bizarre, or by 
clinging blindly to solutions clearly discredited. Others lost 
faith in scientific method and sought refuge in views covertly or 
overtly metaphysical. Scott saw the difficulties and it is wholly 
to his credit that his intellectual honesty and his faith in objective 
science prevented his entering the false paths followed by so 
many of his colleagues. 

Scott's unusually long career was also unusually productive. 
His material contributions to mammalian paleontology fill many 
volumes. There is hardly any phase of this subject that does 
not depend today, in some measure, on studies first made by him. 
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The theory of evolution, with special reference to the evidence upon which 
it is founded. New York, Macmillan, 183 pages. 

1921 

Influence of geography on history. Princeton Lectures number 6, 8 pp. 
Princeton Univ., Princeton, N. J. 

1922 
Physiography, 'the science of the abode of man. New York, Collier, 384 pp, 

1923 

Symposium on the inheritance of acquired characters. Historical sketch. 
Amer. Phil. Soc. Proc., vol. 62, No. 5, pp, 270-273. 

1924 

Leidy's paleontological and geological work. Sci. Mo., vol. 18, No. 4, 
PP. 433-439- 
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Paleontological and geological work of Joseph Leidy. Acad. Nat. Sci. 
Phila. Proc., vol. 75, (Appendix The Joseph Leidy Commemorative 
meeting, December 6, 1923) pp. 36-43. 

1926 
Geological climates. Geol. Soc. Amer. Bull., vol. 37, No. i, pp. 261-278. 

1927 
Development of American palaeontology. Amer. Phil. Soc. Proc., vol. 66, 

pp. 409-429, 
Undergraduate and graduate days, 1873-1878, pp. 12-34 in: H. F. Osborn, 

editor, "Fifty years of Princeton '77." Princeton, N. J. 

1928 
The geographical distribution of animals, pp. 81-101, in: Frances Mason, 

editor, "Creation by Evolution, a consensus of present day knowledge 

as set forth by leading authorities," New York, Macmillan. 
Geological climates. Smith. Inst, Ann. Rept. 1927, pp. 271-287. 
Mammalia of the Santa Cruz beds. IV. Astrapotheria. V. Primates. 

Reports of the Princeton University Expeditions to Patagonia, 1896- 

1899. 6, Palaeontology, vol. 3, pp. 301-352. 
The origin of the mammalian faunas of North and South America. 

Palaeo-biologica, Jahrgang i, Band i, pp. 253-262. 
Reports of the Princeton University Expeditions to Patagonia, 1896-1899. 

Amer. Phil. Soc. Proc., vol. 67, No. 2, pp. 119-122. 
Some applications of paleontology. Science, n. s. 67, pp. 327-333. 

1929 

Syllabus of four lectures on volcanoes and vulcanism, March 2, 9, 16, 23, 
1929, Wagner Free Inst Sci. 



Extinction of Pleistocene mammals. Geol. Soc. Amer. Bull., vol. 41, 

No. i, pp. 104-105. 
Extinction of Pleistocene mammals. Pan- American Geologist, vol. 53, 

No. 2, p. 140; No. 4, pp. 303-304. 
On certain Silurian fish-like forms from Norway. Amer. Phil. Soc. Proc., 

vol. 69, No. 6, pp. 391-396. 
A partial skeleton of Homatodontotherium from the Santa Cruz beds of 

Patagonia. Field Mus. Nat, Hist. Geol. Mem., vol. i, No. i, pp. 7-34. 

1932 
An introduction to geology. New York, Macmillan, 3rd edition, volume i, 

physical geology, 604 pp. ; volume 2, historical geology, 485 pp. 
Nature and origin of the Santa Cruz fauna. With additional notes on the 

Entelonychia and Astrapotheria. Reports of the Princeton University 
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Expeditions to Patagonia, 1896-1899. 7, Palaeontology, vol. 4, part 3, 
PP- 193-238. 

1934 

Excerpts from letters in: Huxley, Leonard An American student in 
Huxley's laboratory. From the letters of Professor W. B. Scott. 
Cornhill Magazine, vol. 149, pp. 679-693. 

1936 

The Astrapotheria. GeoL Soc. Amer. Proc. for 1935, p. 392. 
The mammalian fauna of the White River Oligocene. Part I. Insectivora 

and Carnivora. (With Glenn L. Jepsen.) Amer. Phil. Soc. Trans. 

n. s. 28, No. i, pp. I-I53- 
The laws of mammalian evolution. Sci. Mo., vol. 43, No. 5, pp. 421-429. 

1937 

The Astrapotheria. Amer. Phil. Soc. Proc., vol. 77, No. 3, pp. 309-393. 
A history of land mammals in the western hemisphere. New York, Mac- 

millan. Revised edition, 786 pp. 
Paradoxical fossil mammal from the Uinta formation of northeastern Utah. 

Geol. Soc. Amer. Proc. 1936, p. 376. 
A remarkable sabretooth-like creodont from the Eocene of Utah. Science, 

n. s. 85, pp. 454-455- 



The camel-like ruminants of North America. Science, n. s. 87, p. 465. 
The OHgocene-Eocene boundary in the Rocky Mountain and Pacific Coast 

regions. Science, n. s. 88, p. 437. 
A problematical cat-like mandible from the Uinta Eocene, Apataelurus 

kayi, Scott. Carnegie Mus. Ann., vol. 27, No. 6, pp. 113-120. 
White River Artiodactyla. Science, n. s. 88, pp. 503-504. 

1939 
Memorial to William John Sinclair. Geol. Soc. Amer. Proc. 1938, 

pp. 185-189, 
Some memories of a palaeontologist Princeton, New Jersey, Princeton 

University Press, 336 pp. 
Vertebrate paleontology since 1888. Geol. Soc. Amer. Bull., vol. 50, 

No. 3, pp. 375-386. 

1940 

The mammalian fauna of the White River Oligocene. Part 4, Artio- 
dactyla. Amer. Phil. Soc. Trans., n. s. 28, No. 4, pp. 363-746. 

/ 

1941 

The mammalian fauna of the White River Oligocene. Part 5, Perisso- 
dactyla. Amer. Phil. Soc. Trans., n. s. 28, No. 5, pp. 747-980. 
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1942 

The later Cenozoic mammalian faunas of South America. 8th Ame 
Scientific Congress, Washington, D. C. 1940, Proc. vol. 4, pp. 333 

1945 
The mammalia of the Duchesne River Oligocene. Amer. Phil. Soc. TJ 

n. s. 34, No. 3, pp. 209-253- 
Memorial to Henry Fairfield Osborn. Geol. Soc. Amer. Proc., 

Ann. rept. 1944, pp. 287-292. 

No date 
Syllabus of a course of ten lectures on geology. Fall Term, Wz 

" Free Inst. Sci., no date. (Probably 1891). 

Syllabus of a course of ten lectures on dynamical and structural geo 
Wagner Free Inst. Sci., no date, 16 pp. (Probably published bet 
1891 and 1894 or in 1899 or 1900.) 

Syllabus of a special course of ten lectures on historical geology. Ws 
Free Inst. Sci., no date. (Probably 1892.) 
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1885-1946 

BY C. H. DANFORTH 

Charles Vincent Taylor, whose death occurred on February 22, 
1946, was the descendant of pioneer families who played impor- 
tant and at times spectacular roles in the history of Tennessee. 
His ancestor, Isaac Taylor, is said to have come to Virginia from 
County Antrim, Ireland, about 1740 bringing with him several 
sons, among whom was Andrew I, then a boy about seven years 
of age. The family settled in Rockbridge, Virginia, where its 
members later became wealthy landholders and slave owners. 
Andrew who married first his cousin Elizabeth Wilson, and later 
her sister Ann, early moved to the now famous Watauga Settle- 
ment in the disputed area claimed at that time by both Virginia 
and North Carolina. Here he was soon made a member of the 
legislature in the abortive "State of Franklin" and was also a 
surveyor of more than local renown. He became the progenitor 
of many distinguished descendants, including General Nathaniel 
Taylor, Senator Nathaniel Green Taylor (also Commissioner of 
Indian Affairs under President Jackson), the two Tennessee 
governors, brothers "Bob and Alf " Taylor, who at one time ran 
against each other on opposing tickets in Tennessee's "War of 
the Roses," and of a surprisingly large number of judges, lawyers 
and other citizens of prominence. 

According to penciled notes made by Charles Vincent Taylor, 
apparently during a visit at the home of Governor Alfred Taylor 
in "Happy Valley/' this branch of the family could also lay claim 
to an attenuated line of Indian descent which came through 
Colonel John Carter, father of Langdon Carter, whose name was 
chosen for Carter County, and for whose wife (Elizabeth Mac- 
lin) Elizabethton was named. However, no clear evidence has 
been found by this biographer that C. V. Taylor himself was a 
descendant of Langdon Carter, but he may have been, since many 
of his ancestral lines have not been completely followed out, and 
there was no doubt a considerable amount of intermarriage in 
this relatively small community. In the direct Taylor line his 
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descent seems to have been through Isaac, Andrew I, Andrew II, 
Jonathan, Andrew D. and Isaac Newton. 

At the approach of the Civil War the Taylor family, like 
many another in the border states, became sharply divided, some 
joining the Confederacy, others remaining loyal to the Union. 
Andrew D. Taylor, C. V.'s grandfather, was among the latter, 
and his three sons, of whom Isaac Newton was the oldest, all 
joined the Northern Army. While the boys were away in the 
service, armed men stopped one night at the family home, called 
the elder Taylor to the door and shot him in cold blood. The 
sons remained unaware of their father's death for a number of 
months thereafter. 

Isaac Newton Taylor first joined Company B, Fourth Ten- 
nessee Volunteer Infantry, but later, apparently with full knowl- 
edge of the colonels of both units, he transferred to Company L, 
First Tennessee Volunteers, in which he served from December 
26, 1862 to May 31, 1865. On June 25, following his discharge 
from the army I. N. Taylor married Christina Bashor, daughter 
of Henry and Elizabeth (Bowmann) Bashor, well-to-do mill 
owners of German descent who, like himself, lived near Johnson 
City, Tennessee. The young couple first lived in a cabin built 
by the bridegroom, but in 1869 they moved to Missouri and 
purchased a farm near Whitesville in Andrew County. 

From this time on conditions were difficult. Mr. Taylor, now 
somewhat handicapped physically, was unable to make his farm 
realize the income it might have yielded, and the family entered 
upon a period when resources were indeed meager. In 1873, 
because of disabilities incurred in service, Taylor was granted 
a pension of $24.00 a month, an appreciable amount for those 
days. But by 1876 the Pension Bureau had disallowed this 
pension on the ground that there was no official record of his 
discharge from the infantry company and, although serving in 
the cavalry, he was in effect a deserter from the infantry when 
his disability was incurred,- Aside from the heavy financial loss, 
there seemed to have been a point of honor involved, and over 
a period of years much effort was devoted to getting the matter 
clarified. On March 20, 1884, an official certificate of honorable 
service and discharge was issued. 
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In religion the early Tennessee Taylors, Wilsons and most 
others of Scotch-Irish descent apparently were Presbyterians. 
In later generations some of the Taylors were prominent Meth- 
odists and Baptists, but after removing to Missouri this branch 
of the Taylor family became associated with the Dunkards, or 
Brethren, to which sect they were zealously devoted. One of 
I. N. Taylor's daughters later became national director of the 
dress-reform movement in that church, and the oldest son became 
a preacher. It is said that before his early death this older 
brother extracted a promise from Charles V. Taylor, who was 
then only eleven years old, that he too would preach a promise 
which was made good. 

These few facts may serve to indicate some of the hereditary 
background and the environmental setting for Charles Vincent 
Taylor who, on February 8, 1885, was born into this family, the 
youngest of ten children, two of whom had died in infancy. His 
first fourteen years were spent on the Missouri farm, where he 
early acquired a love for the out-of-doors. Many years later 
he remarked to one of his colleagues that such an environment 
quite naturally awakened the interests which were to activate 
much of his later life. 

Another important factor in shaping his early interests was 
the influence of his first school teacher, Gladys Kent (now Mrs. 
J. C. Hashor of Savannah, Missouri). Miss Kent seems to 
have had rare ability to inspire her pupils with ideals of morality 
and a high quality of intellectual curiosity. Mottoes, in the B. 
Franklin tradition, and classical quotations pasted on the walls 
of her school room were remembered by Charles Taylor, and 
often quoted by him. Many years later he wrote on the back 
of one of her photographs "Gladys Kent, Rosendale, Missouri. 
My first teacher. At Crockett country school about J4 mile 
north of our Missouri home, near Whitesville, Missouri. She, 
probably more than any other teacher I had, helped me to sense 
my interest and abilities in gaining a knowledge and under- 
standing of things animate and inanimate in the world around 
us." Then follows a slightly paraphrased quotation from Shake- 
speare ("Good name in man or woman, dear my lord, .../') 
and the notation "Written by G. Kent on fly leaf of a book 
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'Robinson Crusoe* given me as first prize in spelling." In a 
letter dated May 19, 1947, Mrs. Hashor herself writes : "Yes, 
he was one of my first pupils, and I was his first teacher, and 
as I go back down the years I see an eager, enthusiastic boy, 
smiling up at me with big brown eyes filled with gratitude for 
something I had said or done for him. He was a wonderful 
pupil for four years, with every task faithfully and gladly done, 
and I always felt he would strive to attain the highest and best 
in life." She disclaims any credit for herself, extolling the 
home from which he came and adding that his father and 
mother "were the kind of parents that give the world sons like 
Charles Taylor." 

At the age of fourteen, he considered himself ready to seek 
new fields of endeavor, and quite naturally looked toward Mount 
Morris College, which was under the sponsorship of the Breth- 
ren, and to which several of his brothers and sisters had already 
been attracted. When his father protested that he was too young 
and the expense would be too great, Charles immediately sold 
his pony and squirrel gun property dear to the heart of a boy 
in his teens and paid his own transportation to this mecca of 
his young dreams. From that time on, he was not only self 
supporting but contributed freely, and often beyond his means, 
to' other members of the family whenever he felt any of them 
were in need of help. He was especially generous to an invalid 
sister and to his mother in her later years. 

At Mount Morris, he first attended the Academy, taking a 
business course and living at the near-by home of his sister, 
Mrs. Nora Wallace. He earned his expenses by acting as "bell- 
ringer" and doing various odd jobs about the school. A class- 
mate of those days reports that his bell ringing was a model of 
punctuality except for an occasional retardation in the rising 
bell. He is remembered from this period for his unfailing good 
nature, his jovial disposition, and the aptness with which he was 
wont to characterize his classmates by appropriate nicknames, 
"but never to anyone's discredit/* He was fond of music and 
had an especially fine bass voice, which put him in great demand 
for solo and group singing. For a time he considered music as 
a possible career. 
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On completion of his business course he secured a position 
as bookkeeper in a publishing house in Elgin, Illinois, where 
he worked for some time, but by 1906, with greater maturity 
and somewhat improved resources, we find him back at Mount 
Morris College, this time working toward the A. B. degree which 
he was to receive in 1911. With all his fun and whimsy, he was 
devoutly religious and according to the custom of the Church of 
the Brethren he was elected by ballot to the Ministry. This 
unsought distinction is in itself indicative of the esteem in which 
he was held by his fellow church members. 

During this second period at Mount Morris he was prominent 
in student affairs and participated in many extra-curricular 
activities. Among items culled from contemporary numbers of 
College Campus, we find him preaching at a revival meeting, 
addressing a missionary meeting on "Pure Fun and Worthless 
Foolishness : Their Effect on Christian Development," winning 
first honors in a peace contest, a member of the Leaders Club 
directing an advanced group in physical education, singing in 
quartets and solo on many occasions, acting as a toastmaster, 
holding various offices in a literary society, serving as associate 
editor on the college paper and participating in many other 
activities. For one or two years he was listed and photographed 
among the faculty. 

Most of his articles in those days involved a blend of philo- 
sophical and scientific thinking, with a strongly religious flavor. 
In "The Greatest Conqueror" (Jesus) he alludes to the con- 
quests of Alexander, Hannibal, Caesar, Grant and others, all 
of which pale by comparison with the conquest at Gethsemane. 
In an article "Man a Metaphysical Animal" (listed in the table 
of contents, no doubt to his amused annoyance, as "Man a 
Physical Animal"), he compares the development of individual 
human interests and scientific yearnings with those of the human 
race as a whole. This was in the manner of the evolutionist, 
suggesting a kind of recapitulation, but it is obvious that it 
contained nothing in fact or attitude which he regarded as in 
any way inconsistent with orthodox religion. The article closes 
with ". . . and so we shall ever muse and wonder, because we 
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have come into existence 'not in entire forgetfulness . . . from 
God who is our home'." 

During this second period at Mount Morris, his interests in 
biology were intensifying, and in view of his later major pre- 
occupation, it is of interest to find a frontispiece in the annual 
catalogue of Mount Morris College for 1906-1907 showing the 
detailed anatomy of a "Paramoecium drawn from life by Charles 
Taylor of the biology class." His determination to follow biology 
as a profession seems to have begun to take shape at about this 
time. At about this time, too, he probably began to be assailed 
by the doubts and mental conflicts which are common to most 
students of biology who have earlier had orthodox religious 
training. But whatever these doubts may have been, he appar- 
ently solved his own problems by himself and emerged an honest 
agnostic with no pretense at finality of judgment in religious 
matters. Of course there was no longer any question of his 
continuing in the ministry, but the training and orientation of 
his earlier days left an enduring impression on his character. 

Following graduation from Mount Morris he became principal 
of the high school in Valley City, North Dakota. At that time 
the school had a faculty of ten or twelve members, and he 
remained in charge from September, 1911, to June, 1914, when 
he left for California to do further work in zoology. One of 
the probable reasons for this temporary departure from the 
career which he had by now determined upon was no doubt 
the desire to obtain more adequate funds, both to help a sister 
who was ill at the time and the better to provide for his own 
graduate study. 

At the University of California, Taylor entered a large de- 
partment, with diversified interests, where he was able rapidly 
to broaden his horizons and gain further insight into the scope 
of his chosen field. In this new environment his abilities and 
aptitudes were soon perceived and utilized. The University 
records show that he was assistant in zoology from 1915 to 
1917; teaching fellow, 1917-1918; instructor in protozoology, 
1918-1919 ; assistant professor, 19201925. The same fine quali- 
ties of sincerity, geniality and idealism which had distinguished 
him at Mount Morris were equally evident at the University of 
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California where he made friends among both faculty and 
students. His colleagues of those days speak warmly of his 
personality and of his abilities as a teacher. 

The first serious research problem which he undertook at the 
University of California was done under the direction of Pro- 
fessor J. A. Long and dealt with behavior of the sperm head 
and organization of pronuclei following fertilization in the 
mouse. Although both teacher and pupil have long been known 
as masters in the development and application of clever manipu- 
lative procedures, in this particular study only conventional 
methods were employed. It is interesting, too, that this is almost 
the only occasion when Taylor ever ventured to do research in 
the mammalian field, the hope then expressed of extending his 
studies to cleavage stages in the mouse ovum never having been 
realized. Under the title "Some fertilization stages in the 
mouse" a report on this work was accepted in partial satisfaction 
of the requirements for the degree of Master of Arts, which 
was awarded to him on May 15, 1916. 

The award of his Ph.D. degree came on December 20, 1918. 
His doctoral dissertation, done under the supervision of Pro- 
fessor Charles A. Kofoid, was entitled "Demonstration of the 
function of the neuromotor apparatus in Euplotes by the method 
of microdissection." This dissertation was published October 
23, 1920 in the University of California Publications in Zoology. 
A previous note on "The neuromotor system of Euplotes" had 
preceded the main paper by about a year. On purely theoretical 
grounds Kofo-id had earlier designated certain fibrils detectible 
in the protoplasm of the protozoa as a neuromuscular apparatus, 
and Yocum had presented morphological evidence in support 
of this view, but Taylor felt that however convincing that 
evidence might seem to be, methods beyond the limits of 
ordinary morphological techniques would be necessary to prove, 
or disprove, the neuromuscular nature of the fibrils. The Bar- 
ber micropipette, with recent modifications and improvements 
by Chambers (a close friend in later years), provided the 
desired tool with which to begin the investigation, and also 
served as an inspiration for the elaboration of Taylor's own 
ingenious and remarkably effective microdissection apparatus. 
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In these early papers a detailed description of the structure 
and behavior of Euplotes patella is followed by a clear-cut and 
convincing experimental analysis of the fibrillar apparatus, 
which proved to be neither contractile nor supporting, but 
strictly a conducting system. At this time he emphasizes, as 
he continued to do for years to come, that the protozoa are 
not merely simple cells, but highly complex and coordinated 
organisms. His doctoral dissertation gave clear indication of 
Dr. Taylor's chief interests and aptitudes and pointed the direc- 
tion which his steady series of publications would take during 
the next quarter of a century. By ingenious and original 
methods he added greatly to the knowledge of the organelles 
of various protozoa, especially Euplotes, one species of which 
(E. taylori) appropriately bears his name. Another study of 
considerable importance at that time was the demonstration of 
the role of the micronucleus in Euplotes, where it was shown 
that if this organelle is removed the protozoan ceases to undergo 
division, but if it is replaced reproduction continues as before. 
Among later publications a great deal of attention was given 
to problems of encystment and excystment. In the latter studies 
a new species, Colpoda duodenaria, described by himself and 
Dr. Waldo Furgason, proved especially valuable. 

For further indication of his earlier scientific contributions, 
as well as his later ones, reference may be made to the readily 
available papers listed at the end of this article. Dr. Taylor's 
own summary, characteristically brief, and written not long 
before he died is as follows: "Research contributions (a) on 
living cells : function of fibrillar systems ; role of micronucleus ; 
development of egg fragments; polarity in normal and centri- 
f uged ova ; x-ray effects ; lethal effects of x-rayed media ; high 
vacua and extreme temperature effects ; induced encystment and 
excystment; cell growth factors; and (b) on protoplasm: sol- 
gel reversibility; cataphoresis of ultramicroscopic inclusions; 
bio-electric potentials; cytoplasmic reorganization; nuclear re- 
organization; reversible protoplasmic structure. . . . Of the 
various contributions made to science, probably the most im- 
portant would be (a) experimental evidence of protoplasmic 
reorganization during various cell cycles, (b) tying this in 
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with the sol-gel reversibility and other physical properties of 
living cells." 

So far as can be judged at this time, Dr. Taylor's estimate 
of his own work was accurate and well-balanced, although the 
significance of what he did, and its influence on fellow proto- 
zoologists, was undoubtedly greater than he himself implied, or 
perhaps even realized. His investigations on the organelles of 
protozoa, especially the pioneer determination of the true nature 
of the fibrillar apparatus in Euplotes, not only established im- 
portant new facts but set an admirable pattern of research in 
the field. His demonstration of the function of the micronucleus 
in the same organism was of great significance in both proto- 
zoology and genetics, and, since it was so, served to emphasize 
still more the value of the microdissection method. Another 
phase of his work which deserves additional emphasis is the 
analysis of the effects of x-rays on protozoa. He showed that 
alterations due to radiation may be observed not only in protozoa 
which have themselves been exposed, but even in unexposed 
specimens placed in previously irradiated media. The impor- 
tance of the latter finding is probably better appreciated now 
than when the observation was first made, but Taylor's studies 
in the field undoubtedly have from the first had a significant 
influence on the thinking of protozoologists. 

Perhaps the outstanding characteristic of his scientific work 
was its consistently high quality and the technical skill with 
which his experiments were conducted. His endeavor to reduce 
all experimental situations to their simplest form is well exem- 
plified by his persistent effort, over a period of years, to attain 
a purely synthetic medium which would permit him to grow 
experimental forms for the study of encystment and excystment 
under completely controlled conditions. In the laboratory his 
meticulous care and scientific skill impressed students and 
collaborators almost as much as the results to which they led. 
His influence was thus extended by his example no less than 
by his findings. 

During the eleven years in which he was connected with the 
University of California Dr. Taylor had opportunity to broaden 
his contacts further through temporary appointments at other 
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institutions. He visited the Marine Biological Laboratory at 
Woods Hole where he met and collaborated with Dr. Chambers ; 
was Johnston Scholar at Johns Hopkins University, 1918-1920; 
acting assistant professor at the Hopkins Marine Station of 
Stanford University in the summers of 1922 and 1923 ; assistant 
professor at the University of Michigan in 1923-1924; and 
Research Associate at the Tortugas Laboratory of the Carnegie 
Institution in 1924 (and again in 1926). 

An event of importance in the University of California period 
was his marriage on May 6, 1921 to Lola Lucile Felder. Miss 
Felder, who had been a student in one of his classes, brought 
to their marriage a spontaneity of spirit and an artistic outlook 
which to no small degree mirrored latent or suppressed compo- 
nents in Charles Taylor's own makeup, but she was never able 
to free him entirely from intolerance of the "worthless foolish- 
ness" which he had long ago deprecated. From the time of 
his marriage, he was "CV" at home and to most of his friends 
and associates. 

His first summer at the Hopkins Marine Station seems to 
have been a particularly stimulating one, and he entertained 
high hopes of being able to enlist the cooperation of the Uni- 
versity of California in making this a fully equipped marine 
station dedicated to the training of advanced students in biology 
at the two sister institutions. Such a plan seems to have won 
the approval of the director, Professor W. K. Fisher, but at 
the University of California CV met with the academic inertia 
which he often found so trying to the spirit. He returned to 
the Station in 1923 with one or two graduate students but lie 
had by then temporarily given up hope of seeing the laboratory 
the joint venture of which he had dreamed. The next summer 
he went to the Tortugas Laboratory, renting a house in Sebring, 
Florida, for his wife and children, his mother and two of his 
sisters. However, his connection with the Hopkins Laboratory 
was by no means terminated, for when he joined the Stanford 
Faculty in 1925 he was made associate director, a position which 
he held for the rest of his life. 

Dr. Taylor's appointment at Stanford was due in no small 
measure to the favorable impression he had made at the Hopkins 
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Marine Station, and the director of that Station was active in 
urging his subsequent appointments and promotions ; but Taylor 
quickly made his abilities felt and needed no special backers. 
By the time he moved to Stanford he had developed a mature 
outlook and a definitive orientation toward life and his pro- 
fession. He impressed his associates above all by his idealism 
and his devotion to science on its highest planes. He emanated 
a spirit of scientific fervor, almost religious in character, which 
was inspiring to students and colleagues alike. In him, one saw 
a man who genuinely believed in the preeminence of science, 
who would do his best to promote it, and who would be on the 
alert to defend it against subversive influences of all sorts. That 
he was doomed to disappointments and a measure of bitterness 
later was not apparent in those days. While it might have been 
better for his peace of mind if he had not fallen heir to adminis- 
trative duties and executive responsibilities, nevertheless, from 
the very first he seemed especially fitted for such assignments. 
Dean Taylor's relation to the School of Biological Sciences 
at Stanford can best be understood in terms of the history of 
the school and his own philosophy of science. In the early days 
at Stanford, individual departments enjoyed an unusual degree 
of independence and autonomy in budgetary matters and in the 
control of both graduate and undergraduate students. But for 
some years before Dr. Taylor arrived efforts had been made to 
weaken the barriers between what were facetiously called "the 
water-tight compartments'* of the University, Previously a few 
courses, especially those given by President Jordan, had treated 
biology from a broad point of view, but not till 1919-1920 did 
"Biology" appear in the annual Register of the University as 
a distinct entity. In that year a general course, somewhat of 
the "survey" type, was presented by President Wilbur and 
members of the departments of Botany, Entomology, Physiology 
and Zoology. This was the germ from which the School of 
Biological Sciences was to develop. The first year the course 
was listed as if it were a division in the Department of Botany, 
and it is interesting that later on Botany was the first Depart- 
ment to be absorbed by it. The following year lecturers were 
brought in from Paleontology and Psychology, and the man in 
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charge of the laboratories was listed as acting assistant professor 
of biology, possibly the first teacher at Stanford to have ''biology" 
appear in his title. 

During succeeding years ''Biology" made steady progress, 
soon acquiring a status coordinate with Botany, Zoology, and 
other major departments ; and then, in a sense, it absorbed them. 
By 1925-1926, when Dr. Taylor's name first appeared, several 
departments had already been ingested and "Biological Sciences," 
listed in the Register as if coordinate with most major depart- 
ments in the University, now included as divisions, the School 
of Biology with an executive committee of ten members. General 
Biology with several courses and an administrative committee, 
Botany, Hopkins Marine Station, Physiology and Zoology. The 
following year Dr. Taylor became a member of the executive 
committee and Public Health Nursing, Anatomy, and Bacteri- 
ology and Experimental Pathology, were first definitely included 
in the grouping under Biological Sciences. In 1929 the name 
of the new aggregate was officially changed to School of Bio- 
logical Sciences and its status somewhat, but by no means com- 
pletely, clarified. 

At this point Dr. Taylor's connection with the School was 
interrupted for a brief period. In 1930 he received an especially 
attractive offer from the University of Michigan, which he 
considered seriously for a time, but his wife's health and what 
he considered as favorable prospects for the School of Biological 
Sciences at Stanford decided him against acceptance. When 
this decision was finally made, he conscientiously returned the 
money which Michigan had advanced to cover the cost of a visit 
to Ann Arbor and paid for the trip out of his own pocket. He 
did, however, take a leave of absence for the year 1930-1931, 
during which he acted as visiting professor of zoology at the 
University of Chicago. 

On his return to Stanford he was made Herzstein Professor 
of Biology and, in 1933, Chairman of the School of Biological 
Sciences. This position was equivalent to that of dean, but he 
was not officially given that designation until several years later. 
At the time he became chairman, or dean, ten departments were 
listed as falling wholly or in part within the School and, in 
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addition General Biology, offering five courses by various in- 
structors, was also included as still another entity. 

It will be apparent from the preceding paragraphs that the 
School which Dr. Taylor was asked to head was one which had 
evolved in part from a single course and in part from the 
absorption of pre-existing departments, and that technically it 
was still ill-defined as to content and scope. Developments at 
Stanford, of course, reflected, in their own way, a movement 
that was widespread at the time, but it is not surprising that 
some of the older men looked upon the new school as an 
aggressive parasite that was sapping the life blood of the tra- 
ditionally established departments. Dr. Taylor himself, if he 
could have viewed developments from a little greater distance, 
would no doubt have detected some interesting parallelism be- 
tween the evolution of the school and the ontogeny of a living 
organism. While in no way responsible for its initiation and 
early development, he was sympathetic with the trend and 
anxious to further its advancement along sound lines of teaching 
and research. 

The problems with which he was confronted as dean of -the 
school included the disposition of such, now "vestigial," depart- 
ments as Botany and Zoology and the coordination of work in 
departments which, because of their diverse affiliations, were 
not assimilable. The latter difficulty remained partially un- 
resolved until some of the medical departments were finally 
removed from the School in their listing and in their adminis- 
tration. A long step toward solution of the other main problem 
was taken during Dr. Taylor's first year as chairman when, 
presumably at his suggestion, the trustees officially abolished the 
departments of Botany and Zoology, assigning all members of 
these departments to comparable ranks in Biology. It is due in 
no small degree to confidence in Dean Taylor's sincerity and 
his devotion to the best interests of science that this final step 
in the dissolution of formerly strong departments was accom- 
plished with a minimum of opposition or dissatisfaction. 

The years following the primary reorganization showed fre- 
quent further shifts and rearrangements within the School, but 
the general drift is intelligible in terms of Dr. Taylor's outlook 
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on the field of biology as a whole. It might be, and indeed has 
been, argued that it makes little difference whether a degree be 
granted in "Botany," which is admittedly a biological subject 
or in "Biology (Botany)/' as was prescribed a short time after 
Dr. Taylor became dean. But to Dean Taylor there was a 
fundamental difference. The central tenet of his philosophy 
was the unity of all life, and to him the various biological 
disciplines merely represented different aspects of a single 
whole. Where some students like to emphasize the divergencies 
in biology, he was impressed by factors that are common to all 
the manifestations of life. Recognition of a basic unifying 
principle was to him a sine qua non of sound biological scholar- 
ship and teaching. He extended this line of thought to fields 
outside biology and was convinced that there is little hope of 
genuine advancement unless students in the social sciences, 
humanities and politics can achieve an essentially biological 
approach. He believed thoroughly in always having biology 
presented from this Unitarian .point of view ; and so to him it 
did make a real difference whether the degree was in Botany 
or Biology (Botany). The connotation of the two expressions 
are obviously different. One emphasizes that botany is a facet 
of biology, the other does not. 

In meetings of the executive committee and of the faculty 
he labored this point and its ramifications with great earnest- 
ness. Few were the meetings when he did not turn to the 
blackboard and emphasize his points with diagrams such as 
circles within a circle, a tree with concentric rings and branches, 
each representing an aspect or division of the subject, until 
one almost gained the impression that these figures had come 
to mean more to him than mere symbols. One diagram in 
particular, a cube done in colors and shown as if sectioned in 
all three planes to reveal interrelations of morphological, physio- 
logical and developmental aspects of various categories, was 
displayed in his office for a number of years, and not infre- 
quently brought to faculty meetings. 

His conviction as to what is fundamental and significant in 
education tended to make him apprehensive of the real or fancied 
desire of the professional schools to exercise too great a control 
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over undergraduate curricula. He felt that professional training 
should be based on a sound foundation in biology, and to this 
end fought long and hard to keep botany, for example, a require- 
ment for all degrees in the school, whether pre-prof essional or 
not. In time, with the loyal and sympathetic cooperation of his 
executive committee, the curriculum of the school was whipped 
into a well-knit unit which gave a tangible expression to the 
ideals which he cherished. But he continued to feel the danger 
of encroachment from without and particularly feared that his 
own university, along with other private institutions, might 
come under the influence of agencies which might debase the 
ideals of true scholarship. He felt, too, that the authorities 
did not adequately support him in his endeavors to combat these 
tendencies. Finally it was with special bitterness that he came 
to realize that his own faculty could not stand solidly behind 
him in his opposition to certain developments on the campus 
or in his methods of combatting them. This and his slowly 
developing fatal illness (leukemia) made his final months a 
period of discouragement and sadness. 

Time-consuming, and to a degree unrewarding, administrative 
duties were necessary concomitants of his position, and he 
devoted himself to them without stint. In general tolerant and 
humorous, there were rare occasions when his patience gave 
way completely and he became arbitrary and dictatorial, but 
such times were indeed few. His pleasanter and more valuable 
functions as teacher and promoter of research were the happier 
ones. With extraordinary ability to recognize superior talent 
and promise, he gathered around him one of the most out- 
standing groups of biologists in the country. He was excessively 
loyal to his staff and was active and effective in raising money 
in support of their research and in otherwise furthering their 
interests. One of them writes "Although stubborn in his ad- 
herence to a few cherished convictions and objectives, he gave 
unquestioning support and freedom to his staff within their 
individual spheres of responsibility. . . . His talents and hori- 
zons as an organizer were well exemplified by the highly suc- 
cessful Cell Symposium held at Stanford in 1939 [in celebration 
of the looth anniversary of the cell theory] to which he attracted 
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a distinguished array of internationally known scientists." The 
papers presented at this symposium were collected by Dr. Tay- 
lor and published in "The Cell and Protoplasm" (1940). 

He particularly loved a quiet evening at home with the four 
children Jeanne, Elouise, Lenore and Isaac Newton of whom he 
was very proud, or with one or more intimates when "our con- 
versation always came around to the unity of science/' But in 
spite of innate social tendencies he had a kind of personal "re- 
serve that was almost Indian in quality," and his biographer 
repeatedly was confronted with such statements as "Now 
that I think of it, I never really knew CV." However, in a 
letter written in 1934 during a trip to Europe when he visited 
German relatives and attended the International Zoological 
Congress at Venice, he confided to Professor Fisher: "I have 
never before known what vacation is like, and how much it can 
benefit one in body and soul. The world is one thing off 
there in a little corner in California, but quite another thing 
in reality and not in books," and then went on to suggest the 
desirability of a rule that everyone who professes to know the 
living world must travel^ "the farther and more the better." 
He did not follow his own recommendation to any great ex- 
tent, but he did find much pleasure in organizing camping 
trips into the Sierra for visiting biological friends. 

A colleague from one of the other schools of the University 
writes: "Taylor was a man of unusual vigilance and insight 
into the significance of what was going on about him in the 
university world, and he was quick to see through shams. He 
was keenly aware of the true nature and requirements of a 
great university and of what constitutes a real scholar. He 
was vigorous in upholding academic standards and opposed the 
many tendencies to lower them." 

He was a member of, and took an active interest in, the Na- 
tional Academy of Sciences (elected in 1943), the Society of 
Sigma Xi, the American Association for the Advancement of 
Science, the American Society of Zoologists, the American So- 
ciety of Naturalists, the Pacific Oceanographic Society, the 
Society for Experimental Biology and Medicine and the West- 
ern Society of Naturalists. It was largely through his efforts 
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that the latter society (which he served as president and in 
other capacities) was revivified following a period of decline 
in the thirties. He served on the editorial board of Physiological 
Zoology from its inception in 1928. A survey of his scientific 
papers reveals a close application throughout his productive pe- 
riod to a few basic problems which he investigated with clear 
insight and great technical skill. Since he believed strongly in 
the universality of biological truth, he saw no reason to seek 
widely for research materials and because of this concentration 
he was able to make significant additions to biological knowledge 
at a basic level. More than almost anyone else he brought home 
the fact that the individual protozoan cell, possessing remarkable 
capacity for reversibility, can pass through phases of develop- 
ment and differentiation which most zoologists have associated 
only with metazoan forms. 

Dr. Taylor's published contributions to biology are listed here- 
with and are permanently available to anyone who may wish to 
review developments in this field. It has seemed equally im- 
portant to emphasize in his biography the circumstances under 
which he worked and the ideals and attitudes, which have left 
a lasting impression on his many students and associates. Here, 
too, C. V. Taylor made a real contribution to the advancement 
of science. 
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ROBERT ALMER HARPER 
1862-1946 

BY CHARLES THOM 

Robert Aimer Harper ] was born at LeClaire, Iowa, on 
January 21, 1862. His parents moved to Port Byron the next 
year. His father, Aimer Sexton Harper, was a Congregational 
Minister, a graduate of Oberlin College, and of the Oberlin 
Theological Seminary in 1853. His wife Eunice Thompson 
from New York and New Jersey antecedents, had been a class- 
mate at Oberlin. Both were actively connected with educa- 
tional projects as well as church work. Their three sons, Ed- 
ward Thompson, Robert Aimer and Eugene Howard were 
thus brought up in an atmosphere of scholarship. Edward 
after a boyhood interest in plants turned to theology, took 
his doctorate in Leipzig and became a professor in Chicago 
Theological Seminary. Robert stayed with botany and Eugene 
went to zoology but eventually turned to farming. 

Dodge in his memoir followed the Harpers one generation 
further back. Aimer Sexton Harper was born in Indiana in 
1826, the ninth child, his father Edward Harper was born in 
1779 in the Charleston district of South Carolina. Edward 
Harper married Charity Reed, a school teacher from Con- 
necticut. After several moves in the Carolinas, mostly in 
pioneer villages, we find them with five children moving to 

1 Professor Harper collected no biographical data. He evidently put little 
value upon such material in spite of much study in the field of plant genetics. 
The writer of this memoir was the first graduate student to take a degree 
with him (A.M. Lake Forest 1897). Personal relations as a student had 
begun in 1889 and casual contact continued until retirement. He acknowl- 
edges freely using the various published notices and memoirs of Dr. Harper, 
especially those of Stout (Journal of N. Y. Botanical Garden 47 (563) : 
267-269, 1946) ; Dodge (American Philosophical Society Yearbook 1940 : 
304-313) ; the committee report (MS) of Dodge, Karling, Trelease, and 
Matzke to the graduate Faculty of Pure Science of Columbia University. 
The chronology of the years at Lake Forest was furnished by the alumni 
secretary. Mrs. E. C. Fleming. The bibliography was prepared from the 
files of the Department of Botany of Columbia University by Miss Sally 
MacDonald, Departmental Secretary. Dr. B. 0. Dodge, Dr. A. B. Stout,- 
Dr. L. O. Kunkel, Professors S. F. Trelease, E. B. Matzke and C. E. Allen 
have contributed from their personal memories and Mrs, Helen S. Harper 
has checked data carefully. 
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Indiana about 1815. The four younger children, among them 
Aimer, were born in Indiana. 

Professor Harper thus represented one of the families 
which followed closely the advancing front of settlement of 
the central west and carried with them the best ideals of re- 
ligion and education from the Atlantic seaboard states. These 
ideals and mental aspects were thus a composite from a varied 
ancestry which included components from the spiritual heritage 
of the Carolinas, from Connecticut, from New York and New 
Jersey, plus the welding power of pioneer experience which 
broke many and built others to commanding stature. 

Robert followed his parents and his older brother Edward 
to Oberlin, where he took his bachelor's degree in 1886. In 
spite of his scientific inclinations, we find him teaching Latin 
and Greek for the next two years, in Gates College, Neligh, 
Nebraska. He went back to botany, however, in the fall of 
1888 as a graduate student at Johns Hopkins University. He 
stayed there only a few months, since we find him teaching 
a list of sciences in a Pennsylvania teachers' college during 
the latter part of the academic year. 

In the fall of 1889, he became Master in Science at Lake 
Forest Academy, Lake Forest, Illinois, where he served dur- 
ing two academic years. The high quality of his scholarship 
and teaching ability combined with an impressive personality 
as shown In those two years, led Lake Forest University to 
shift him to Lake Forest College as Professor of Botany in 
the fall of 1891. He had received his A.M. from Oberlin 
in the spring. For a time the title was Professor of Botany 
and Geology but since few courses in geology were called for, 
geology was dropped from the title. The coming of the great 
botanist John M. Coulter to Lake Forest as President in the 
spring of 1893, offered a favorable opportunity for Harper to 
take leave of absence for two years for graduate study in 
Germany (1894-5 and 1895-6). 

Harper was already keenly interested in the cell (cytology) 
and secondly in fungi. Those who worked with him at that 
time were never allowed to lose sight of the cell as the primary 
unit of structure. Strasburger's Zellbilding and Zelltheilung 
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was his "standby." Naturally he went directly to Bonn where 
Strasburger was a great figure among German cytologlsts. 
During part of this two year period he went on to Brefeld's 
laboratory, an outstanding center of fungous investigations. 
Exactly how he divided the time is not recorded. His praise 
of Brefeld's contribtuions as a pioneer in fungous morphology 
as determined by culture, was always tempered by recognition 
of Brefeld's 2 stubborn adherence to methods that were already 
outmoded and conclusions of his own which were already ques- 
tioned. Eventually Harper found more congenial territory 
back at Bonn, where Fairchild, Swingle, Osterhout and Mottier 
were fellow workers. 

His research thinking had already followed especially three 
lines, (i) the structure of the nucleus and its relation to sex 
especially in fungi; (2) the multinucleate cell as seen in the 
ascus, in the sporangium of the mucors, in coenocytic organ- 
isms and in the naked protoplasmic plasmodium of the myxomy- 
cetes; (3) the cell in its transformation as the structural unit 
of every complex organism that he studied, plant or animal, 
this covering the field later known as morphogenesis. 

In the Bonn papers, Harper considered the first two categories. 
.His students had long heard him discuss the fungous nucleus 
and its relation to sex. He often discussed the so-called "free 
cell formation" resident in the puzzle of how eight nuclei could 
each cut out its unit of cytoplasm so that eight apparently equal, 
uniformly marked spores would lie with possible unused cyto- 
plasm in the ripe ascus. His clearcut figures depicted the 
nucleus definitely as the active center around which a unit of 
cytoplasm was cut off by strands emanating from a central body 
at the pole of the nucleus. The work was done upon Sphaero- 
theca but appears to be a fundamental contribution to our knowl- 
edge of the development of the fungous ascospore. 

The series made up an outstanding contribution not only to 
fungous cytology but to workmanship. Any one who has fol- 
lowed Harper's method in finishing a cell drawing in inclia 
ink, under a handlens, realizes his skill, his patience, and the 



s The writer encountered Brefeld later in Berlin. Knowing Harper, he 
was not surprised that he did not stay long with Brefeld. 

231 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXV 

exacting nature of the observations required. That last paper 
(1897) was a niodel which so impressed itself upon the work 
of students in his laboratories that any one reading a subse- 
quent thesis automatically recognized the Harper influence. 

The problem of the ascospore led directly to the sporangium 
of the mucors. The multinucleate sporangium of a mucor 
breaks up its mass completely, somehow to form a multitude of 
spores. Similarly a myxomycete plasmodium with thousands 
of nuclei but with no cell wall at all in the whole vegetative 
phase, suddenly turns into a mass of spores with characteristic 
walls. The ascus had been covered in Strasburger's laboratory 
at Bonn. Those of us who knew him the next year at Lake 
Forest saw him attack Pilobolus. During the next ten years, 
he went back several times to the myxomycetes to puzzle over 
their spore producing process. 

Each myxomycete plasmodium contains countless numbers 
of nuclei yet without sign of cell wall or apparent relation to 
particular masses of cytoplasm. Then when fruiting time 
comes, each nucleus cuts out for itself a unit of characteristic 
size, which surrounds itself with a wall with the markings of 
its species, and when set free participates in reproducing the 
whole cycle. How to reconcile such a procedure with the ordK 
nary cellular process was his puzzle. Nevertheless the myxo- 
mycete ends its life story with a definitely cellular unit as a 
propagating body. Thus there was a common bond in all these 
protoplasmic masses in that as they reached the fruiting stage 
they became definitely cellular. But the multinucleate condi- 
tion shows up in many other groups and there again it always 
troubled him. 

He watched Debski study nuclear division in Chara during 
his last year at Bonn. Apparently he was not satisfied for 
he made me repeat the work at Lake Forest during the next 
year. He summed up his contact with the coenocytes in two 
papers with a five year interval between them. After so many 
years of study of the nucleus and cellular organization he just 
naturally turned to morphogenesis and found in the finished 
morphology of Gonium, Pediastrurn, Volvox, Hydrodictyon 
and in the Acrasieae (Dictyostelium and Polysphondylium) 
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striking genera, in which cells apparently equal and capable 
of independent life could respond to the tensions of organized 
life by assuming bizarre structures contributory to the final 
organized unit. Inheritance, then, in such cells included ability 
to respond, by filling, in more or less definitely predictable 
degree, the tasks thrown upon the cell by the incidents of or- 
ganization. The forces which seized upon the single cell as 
a building block, and caused it to take its place in such weird 
figures as Hydrodictyon, Pediastrum, Polysphondylium, and 
Dictyostelium, were troubling him clear back to the clays when 
I worked with him. 

Looking over Harper's bibliography, these same three groups 
of problems stand out. No one could live with him for a few 
years, then meet him now and then over forty more, as I did, 
without knowing that he read voraciously and critically in many 
fields. He used all kinds of material in class-room lectures 
but published no papers from his reading. Outdoors there were 
few growing things he did not recognize, and he was not un- 
acquainted with those that crawled. But he did not write about 
many of them. 

Harper defied the dictum that a man is appreciated for the 
weight of his publications (on the "hay" scales) ; he published 
only when he felt that he had something of importance to 
contribute. Yet he was automatically recognized as among the 
great botanists of his time, 

His career covered the whole rise of plant pathology as a pro- 
fessional field: he joined the society. Dodge says he was a 
practical plant pathologist on his own farm and in the coun- 
cil of the Botanical Garden, but he did not write a single paper 
about a plant disease as such. 

He saw the rise of genetics no one could work intensively 
for ten years upon the nucleus and ten more upon morpho- 
genesis without corning in contact with the whole ground work 
of modern genetics. Characteristically skeptical of the idea 
that living things would faithfully follow mathematical formulas, 
he seized upon factors in corn which seemed to blend in the 
hybrid rather than be represented by plus or minus signs, and 
put several seasons into throwing doubt upon the concept of im- 
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mutable hypothetical units of inheritance concocted to account 
for selected results. 

Harper was not satisfied with the iron clad concept of nuclear 
organization which hypothesizes such fixedness of its mechanism 
as tied it to inevitable fate. To him it was a thing alive and 
there is a fluidity about living ; it was able to adjust itself to 
changing demands, at least, to a difficultly predictable degree. 
If it carried factors determining the morphology of its species 
in its chromosomes, these chromatic elements were so related 
to other components of actively circulating protoplasm as to 
put their impress upon the whole cell without realistic fatalism. 
To him. the concept of inheritance illustrated by a lot of beads 
strung upon a wire, might suggest as many misconceptions as 
truths. Fully alive to the value of hypotheses, he still took 
much pleasure in puncturing ''balloons" that he believed to 
have doubtful continuing value. Such an attitude might appear 
destructive but it must be remembered that to one who has 
worked widely in the biological field and with many types of 
investigation the mechanical concept of inheritance leaves the 
mind often unsatisfied. . 

He was elected to the National Academy of Sciences in 
1911. He belonged to a number of professional societies in 
which a man becomes a member because he wants to work 
with others in either the narrow field of one discipline or in 
a broader aggregate of many types of training. Among the 
botanical groups we find: The Botanical Society of America 
(President 1916), The Torrey Botanical Club (President 1914- 
15-16), Linnean Society of London, Corresponding member of 
Deutschen Botanischen Gesellschaft, Phytopathological Society, 
Ecological Society. 

In the broader field : The American Association for the Ad- 
vancement of Science (V. President. Sec. G, 1910), American 
Academy of Arts and Sciences, American Philosophical So- 
ciety, The Wisconsin Academy of Sciences, Arts and Letters, 
New York Academy of Sciences, Washington Academy of Sci- 
ences, the Century Association of New York City. 

In his own biographical notices in Who's Who in America and 
American Men of Science, he omitted mentioning Honorary 
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Doctorates of Science from Columbia University and the 
University of Pennsylvania. These must be included in this 
record. 

Certain types of responsibility naturally went with his pro- 
fessorship. He was Chairman of the Board of Scientific Di- 
rectors of the New York Botanical Garden from 1918-1933; 
he was a member of the Board of Managers from 1911 to 
1942. He kept an office there and spent at least one day of 
the week there for many years. Naturally his collection of 
reprints (15000) was given to the Garden before his death. 

He served also as a Director of the Tropical Plant Research 
Foundation, and of the Boyce Thompson Institute. Those 
who worked with him in these relationships bear testimony 
to his active participation in working out the problems en- 
countered. 

He taught botany for forty years. A lot of us at one time 
or another listened to his lectures, and argued with him in 
his study or at his microscope table. He contributed unstint- 
ingly of himself. The impress of his ideals of scholarship has 
reached several generations of students. What manner of man 
was he? 

Harper called himself a botanist; he included all plant study 
under the name. His published papers are not particularly 
numerous, but practically all of them covered problems funda- 
mental to plant life. Though he was interested in practical as 
well as theoretical phases of the subject, he never called himself 
anything but a botanist. He was a collector with experience and 
skill he knew where to go to get what he wanted. He took his 
classes to the fields, to the dunes, to the hills ; he was no stranger 
in the swamp or on the waterside he had just one name for 
it, botany. Back of that, he knew a lot about animal life. He 
was thoroughly saturated with biology the idea that all living 
things had a mass of fundamentals in common. One had to 
be a botanist because there was not time enough for everything. 

He was not a spell-binder ; he would never have been popu- 
lar upon the Chautauqua circuit. In his early class-room lec- 
tures, he put biological details together so compactly as to 
tax the best student's ability to take notes. Professor Matzke 
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says that, 'In later years, his lectures were beautifully prepared, 
forcefully delivered, filled with provocative thoughts and sug- 
gestions for further research." That same background of 
accurate scholarship made him a keen critic of publications 
which expanded a minor idea to great length and never used a 
short word if a long one could be found. Our seminar in the 
winter of 1896-7, consisted of Harper, Timberlake and Thorn 
he passed to Timberlake a new book by a distinguished pro- 
fessor (afterward a colleague of his), to read a chapter. Then 
as a long paragraph was finished and another was started, 
Harper spoke "Stop! Skip that next paragraph that's just 
a mess of long words/' A discussion must be adequate and 
accurate but not merely prolonged. 

The student without a rigorous background of English com- 
position faced an ordeal when he started to write a thesis for 
Harper. He had little tolerance for verbosity and less for 
loose thinking. He was a direct man. He wanted to know 
exactly what you meant in every statement he expected you 
to have mastered the doctrine as he laid it down, to dispute it, 
if you could make your point stick. No one regretted his rigor- 
ous demands after the task was completed. 

Something of his mental attitude may be seen in the advice 
he gave the writer when he faced a scientific meeting with 
his first paper. "If you have an idea that you wish your audi- 
ence to carry away, turn it upside down and inside out, re- 
phrasing it from different angles. Remember that the form 
in which the thing may appear best to you may not impress 
half your audience/' He added that a miscellaneous audience 
can not be expected to carry away a lot of separate facts but 
one good idea, well pictured out, will be remembered by some 
of them. 

Again, speeding him on his way to a new University position, 
Harper said "Remember, when you get there, that some of 
the faculty members have been there five years, some ten, 
fifteen, twenty, perhaps twenty-five years. They probably 
know as much about running a University as you do. Keep 
your ears open, and your mouth shut !" 

Dodge quotes Fairchild as saying, "he had a smile that was 
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irresistable and a way of looking at you that made you conscious 
of a presence." Fairchild thus phrased the experience of gen- 
erations of students. It was an asset, not a pose. The lesser 
man may gradually earn profound respect from his students; 
Harper started with it. It did not break down with the con- 
tacts of the laboratory which soon dispose of pretensions. He 
could tell a student "I don't know, that's for you to find out" 
yet hold respect for his scholarship. I knew just one student 
at Lake Forest that never took him seriously perhaps the 
most of us took him too seriously to get the best out of per- 
sonal relations. Some men loom large only to the undergradu- 
ate. Harper as a leader and thinker was a figure that the student 
remembered with undimmed respect in the years that followed. 

In 1899, he married Alice Jean McQueen who died in 1909, 
during his stay in Madison. After he moved to New York, he 
married Helen Sherman, who had at one time been in his labora- 
tory at Wisconsin and was later in the United States Depart- 
ment of Agriculture at Washington. They had one son, who 
is a farmer at Bedford, Virginia, where Professor and Mrs. 
Harper moved when failing health began to appear about 1938. 
The Professor was a good farmer. He had owned a farm in 
New Jersey for years and made it a practical laboratory which 
kept him keenly alive to the applied side of botany. 

He died at Bedford May 12, 1946. He is buried there. 

We have described a man particularly fitted by nature and 
training to sit at one of the great botanical cross-roads of the 
world. Few botanists come to or go from America without 
passing through the Port of New York. For a quarter of a 
century, few failed to look for Harper at Columbia Univer- 
sity or at the Botanical Garden. He had a prodigious grasp of 
problems and projects over the whole range of biology and 
he was always ready to meet the wayfarer upon common 
ground. He left us an invaluable heritage. 
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KEY TO ABBREVIATIONS USED IN BIBLIOGRAPHY 
Amer. Jour. Bot. = American Journal of Botany 
Amer. Nat. = American Naturalist 
Ann. Bot. == Annals of Botany 

Ber. Deutsch. Bot. Gesell. = Berichte Deutsche Botanische Gesellschaft 
Bot. Gaz. = Botanical Gazette 

Bot. Soc. Amer. Publ. = Botanical Society of America Publications 
Bull. Torrey Bot. Club = Bulletin of the Torrey Botanical Club 
Carnegie Inst. Wash. Publ. = Carnegie Institution of Washington Publica- 
tions 

Jahrb. Wiss. Bot. = Jahrbiicher fur Wissenschaftliche Botanik 
Jour. Amer. Soc. Agron. = Journal of the American Society of Agronomy 
Jour. N. Y. Bot. Gard. = Journal of the New York Botanical Garden 
Mem. Brooklyn Bot. Gard. = Memoirs of the Brooklyn Botanical Garden 
Mem. N. Y. Bot. Gard. = Memoirs of the New York Botanical Garden 
Mem. Torrey Bot. Club = Memoirs of the Torrey Botanical Club 
Proc. Amer. Phil. Soc. = Proceedings of the American Philosophical 

Society 
Proc. Int. Congr. Plant Sci. = Proceedings of the International Congress 

of Plant Science 
Trans. Amer. Micro. Soc. = Transactions of the American Microscopical 

Society 

Trans. Wis. Acad. Sci. = Transactions of the Wisconsin Academy of 
Sciences, Arts, and Letters 
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HARRY BATEMAN 
1882-1046 

BY F. D. MURNAGHAN 

Harry Bateman was born in Manchester, England, May 29, 1882. 
He was the third and youngest child of Samuel and Marnie Elizabeth 
(Bond) Bateman. His father, who was born in Congleton, Cheshire, 
was a druggist and commercial traveler. His mother was born in New 
York City in 1853 (her father, who came from Lancaster, having 
been a planter in the West Indies and America). He lived from 1884 
to 1890 in Oldham, Lancashire, and his early education was received 
at home since, as he records, his mother did not wish him to acquire 
the Lancashire accent. He recounts two incidents of these early years 
in a manner which conveys some impression of the quiet, dry humor 
which was characteristic of him in later life. In order not to spoil 
this impression we use his own words: "One day a Mr. Pullinger, to 
whom my father had been apprenticed, was visiting us. As a result 
of some questions he had put to me he recommended me to study 
mathematics. I was quite impressed but my memory played me a 
trick when a lady asked me a few days later what I was going to study. 
My reply was that I was going to study acrobatics. She then asked me 
where I was going to perform and I was at a loss for an answer. Since 
I have learned recently that Dr. Thomas Young was an expert tight 
rope walker and harlequin my mistake does not seem so bad after all." 
The second story of his early days runs as follows: "Perhaps my love 
for the exact sciences dates from the day when I went with my sister 
to the home of one of her girl friends. The father of this girl was very 
stout and when I met him I gazed at him in astonishment and finally 
spoke thus: * Mr. Booth, the next time I come to see you I am going to 
bring with me mother's inch tape and measure you. I think your 
waist line is about two yards.' ' No, Harry/ replied the good humoured 
Mr. Booth, 'it's nearly three'." From 1891 to 1900 he attended Board 
School and Grammar School in Manchester. He held Manchester 
City Council and Langworthy Scholarships at the Grammar School 
where he specialized in mathematics and ended by winning a Derby 
Scholarship and sizarship at Trinity College, Cambridge. When he 
was at Board School, and not yet twelve years old, a teacher named 
Arthur Gronowsky offered a prize of one shilling to the boy who was 
first able to demonstrate the first twelve propositions in the first book 
of Euclid. A shilling seemed a lot in those clays to young Bateman, 
and he set to work to win the prize. They had good teachers then in 
Manchester (and, doubtless, still have) and this small piece of bread 
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cast on the waters by one of them certainly brought returns. 

At Trinity College Bateman won a major scholarship in 1902 and 
took his B.A. in 1903, being bracketed Senior Wrangler with P. E. 
Marrack. He was Smith's Prizeman and won a fellowship in 1905 and 
took his M.A. in 1906. He worked very hard during his last year 
(1904-1905) at Cambridge for, in addition to his dissertations for the 
Smith's Prize and fellowship, he marked papers for the Briggs Cor- 
respondence School and coached for the Mathematical Tripos. After 
winning his fellowship he studied for a year on the continent, visiting 
Gottingen and Paris. In 1906 he was appointed Lecturer in Mathe- 
matics at Liverpool University. Before taking up this appointment he 
visited Professor Carey who was head of the department of mathe- 
matics at Liverpool, and he recounts that Carey's boys "besieged me 
with questions/ At night one of them said to his father, "You told 
us that Mr. Bateman was a Senior Angler but he doesn't seem to 
know anything about fishing." 

After one year at Liverpool Bateman was appointed Reader in 
Mathematical Physics at Manchester University. In 1910 he was ap- 
pointed Lecturer in Mathematics at Bryn Mawr College where 
Charlotte Angas Scott, another English mathematician, was head of 
the department of mathematics. He spent only two years at Bryn 
Mawr and we can only surmise that he was not particularly successful 
as a teacher of young ladies or that he did not find the work particu- 
larly congenial. In 1912 he received an appointment as Johnston 
Scholar at Johns Hopkins University where Frank Morley, an old 
Cambridge mathematician, was head of the department of mathe- 
matics. The Johnston Scholarship in those days at Hopkins was a 
research scholarship, and the holder could give a seminar if he felt 
like doing so and if there were any students who felt like taking the 
course. Bateman had married in the summer of 1912 Ethel Horner 
Dodd and a son was born in 1914. The death of this son in 1917 was 
a blow which left its mark but which was borne with a courage which 
revealed the inner strength of the man. The Batemans later adopted 
a daughter Joan, who prepared the list of publications at the end of 
this memoir. 

Bateman spent five years at Hopkins, holding the Johnston 
Scholarship for three years and being Lecturer in Mathematics for 
the two year period 1915-1917. In order to add to the small income 
from his scholarship and, later, his lectureship, he taught at the 
Bureau of Standards and at Mount Saint Agnes College and reviewed 
papers for the Weather Bureau ; he also spent the summer of 1915 in 
Washington working for the Department of Terrestrial Magnetism. 

242 



HARRY BATEM AN M URN AGH AN 

In 1917 he was appointed Professor of Mathematics, Theoretical 
Physics and Aeronautics at Throop College (now the California 
Institute of Technology), Pasadena, California. He held this position 
until his sudden death from coronary thrombosis on January 21, 
1946, while on the train to New York to receive an award from the 
Institute of Aeronautical Sciences. 

Bateman's distinction as a mathematical physicist was widely 
recognized. He was a Fellow of the Royal Society (1928), a member 
of the National Academy of Sciences (1930) and of the American 
Philosophical Society (1924). He was vice president of the American 
Mathematical Society (1935) and Gibbs' Lecturer of the Society 
(1943). The last years of his life were devoted mainly to work con- 
nected with the war; he was a member of the War Preparedness Com- 
mittee of the American Mathematical Society and chief consultant 
in aeronautics for the American Mathematical Society and the 
Mathematical Association of America. 

The writer of this memoir was first brought into contact with 
Harry Bateman under the following circumstances. In 1914 I was 
awarded a Traveling Studentship in Mathematical Physics by the 
National University of Ireland and was looking about for some place 
to study. My professor, A. W. Conway, told me that there was a 
young man, Bateman, at Hopkins and that he thought that I could 
not do better than study with him. I followed this advice and, looking 
back over a third of a century, I judge the advice to have been 
sound. Bateman, a frail slight man of 32, was lecturing on The 
Absolute Calculus and Electrodynamics (remember that this was 
1914 and that four years or more had to elapse before most of us in 
this country heard of Einstein's General Theory of Relativity). As I 
recall the situation, six students started the course and by March I 
was, if my memory is correct, the only student. I do not think that 
this diminution of the size of his class bothered the lecturer very 
much, and I have sometimes thought that if the vicissitudes of stu- 
dent life had prevented my attendance, the lecture would have been 
none-the-less delivered. By common standards he was not (in those 
early days) a good lecturer. He was too detached, too objective and 
perhaps too scornful of histrionic effects, and we were too untrained 
to profit as much as we should have from the instruction he gave us. 
As time went on the scene changed and he must have changed with it 
for I have heard enthusiastic reports of his lectures from students 
who took courses under him in the late twenties and thirties at the 
California Institute of Technology. As I think back over my two 
years of association (1914-1916) with him I remember well a feeling 
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of amazement, mingled with discouragement, which came over me 
when I discovered the thoroughness of the man. He already possessed 
a large, carefully indexed card-catalogue on each card of which was 
written in his minute, but beautifully clear, handwriting an abstract 
of a paper which he had read. I am told that in later years this card- 
catalogue crowded him out of his office and almost out of his home. 
No wonder, then, that his books and papers bristle with references 
which are a veritable mine of useful source material. His memory was 
phenomenal. No matter what stubborn integral or intractable dif- 
ferential equation you showed him, a moment's thought and a refer- 
ence to the card catalogue never failed to produce something useful. 
General theories did not seem to have for him the same attraction as 
the special instance; the only exception to this was his devotion, 
which marked him as a true disciple of Hamilton, to the variational 
principle. As a master of the special instance I have not met his 
equal, nor one who approached him, and I do not think that we shall 
see his like again. 

Bateman's best work centered around the development of the 
properties of special functions and the solution of the equations of 
mathematical physics. His first book, Mathematical analysis of elec- 
trical and optical wave motion^ is unique and characteristic of the 
man. Into less than 160 small pages is crowded a wealth of informa- 
tion which would take an expert years to digest. Some of the material 
in this book may be found in expanded form in his monumental 
work, Partial differential equations of mathematical physics, published 
by the Cambridge University Press in 1932 and republished with 
minor additions by the Dover Press in 1944. This book has already 
taken its place beside Lamb's Hydrodynamics and Love's Elasticity 
as one of the classics which are part of the equipment of every worker 
in applied mathematics. Amongst the many results involving the 
functions of special importance in mathematical physics which are 
due to Bateman we select for special mention the formula 
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(J(0 being the familiar Bessel function of the first kind). This result 
is treated fully in Watson's book on Bessel functions and has been 
discussed by L. J. Mordell (J. London Math. Soc. vol. 5, pp. 203-208). 
In the early years of the present century, when Bateman was a stu- 
dent at Cambridge, the theory of integral equations dominated the 
mathematical scene. Fredholm's epoch making paper (Acta Math., 
vol. 27) appeared in 1903 and Hilbert was actively developing the 
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subject at Gottingen when Bateman visited there in 1906. It was 
natural, then, that this new field of mathematical research should 
have occupied the attention of the young analyst. Papers 15, 19, 21, 
22, 25, 26, 27, 28 and 42 of the bibliography below contain sub- 
stantial contributions to the subject and the Report (1) to the 
British Association for the Advancement of Science is a valuable 
account of the theory as it stood in 1910. In the paper (39) Bateman 
applied (independently of Herglotz, who had the same idea) integral 
equation theory to the propagation of earthquake waves through the 
interior of the earth. He showed how to determine, from a knowledge 
of the time taken by an earthquake wave to reach various points on 
the surface of the earth, the velocity of propagation of the wave at 
various points in the interior of the earth. The full importance of this 
result has not yet, in our opinion, been sufficiently exploited. The 
velocity of propagation tells us the ratio of the appropriate elastic 
constant to the density. If we know this for both types of waves, 
longitudinal and transverse, we can determine how the density varies 
with the pressure. Knowing this we can set up differential equations 
whose solutions tell us the density and pressure throughout the 
interior of the earth as functions of the distance from the center. It 
should then be possible, from a knowledge of the variation of com- 
pressibility with temperature, to estimate the variation of tempera- 
ture throughout the earth's interior. 

The field in which Bateman stood preeminent was that of electro- 
dynamics. In 1908 Hargreaves published in volume 21 of the Trans- 
actions of the Cambridge Philosophical Society a paper in which he 
showed that Maxwell's differential equations were merely the expres- 
sion in differential or local form of relations between integrals over 
two-dimensional and three-dimensional spreads in four-dimensional 
space- time. Every electrical engineer knows that the relation 
div B = (5= magnetic induction) is merely the differential, or local, 
form of statement of the fact that, in magnetostatics, the flux of 
magnetic induction through any closed surface is zero. This integral 
or global statement is much closer to the physics of the matter than 
the local statement div 5 = 0. For non-static phenomena Maxwell's 
equations 

dB 

_ c cur j j. div JB = 

dt 

are merely the local form of the global statement that the flux of the 
magnetic induction-electric intensity tensor across any closed two- 
dimensional spread in four-dimensional space is zero. In the paper 
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(50) Bateman exploited fully this idea and showed that the group of 
transformations under which Maxwell's electrodynamic equations 
are invariant is the group of conformal transformations of four- 
dimensional space- time. The fundamental significance of this paper 
from the point of view of relativity theory was not generally recog- 
nized but Klein, in his Vorlesungen uber die Entwicklung der Afathe- 
matik im 19. Jahrhundert, vol. 2, 1927, directs attention to this sig- 
nificant and pioneer work of Bateman. 

This brings us to the end of the first stage of Bateman's career. In 
1912 he was thirty years old, had published some 64 papers and had 
been two years in America. He was preparing to accept Morley's 
offer of a Johnston Scholarship at Hopkins (roughly equivalent to a 
National Research Council fellowship of today) . As we look back on 
the situation we cannot escape the inevitable Why? Here was a man 
of international reputation, pleasant (if self-effacing) personality, 
and he had to spend the next five years in a position designed for a 
young unmarried Ph.D. of promise or for an established scholar on 
leave-of -absence or sabbatical leave. When we think of the "odd-jobs" 
he had to do to eke out a subsistence, the reading of papers for the 
Weather Bureau, the hot Washington summer at the Bureau of 
Standards, the teaching at Mount Saint Agnes and then recall that 
during this period he wrote his book on electrical and optical wave- 
motion, we can only subscribe to the old Latin tag: Per aspera ad 
astra. 

The influence of Morley upon Bateman is shown by the publica- 
tion of several papers on geometrical topics (66), (67), (68), (72). 
His main work, however, during the Hopkins period (1912-1917) 
dealt with electromagnetic theory. He was particularly interested in 
the lines of electric force due to a moving electron and (following 
J. J. Thomson) in the connection between these and the structure of 
the aether. During this period he wrote his book on differential 
equations. While this book has not generally been found well adapted 
to beginning courses in the subject, it well repays study, particularly 
by those who are more interested in the appU^ations of differential 
equations to mathematical physics than n the applications to dif- 
ferential geometry and the theory of functions. 

Shortly after his appointment in 1917 to the chair of Mathematics, 
Theoretical Physics and Aeronautics at Throop College (now the 
California Institute of Technology) Bateman published his first paper 
(94) on hydrodynamics, a subject which was to engage a large share of 
his attention during the* last years of his life. However, most of his 
papers published during the decade 1918-1928 deal with electro- 
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magnetic theory. During this period his monograph on electro- 
magnetism appeared a Bulletin No. 4 of the National Research 
Council (1922). In addition to his papers on electromagnetism he 
published a paper (97) containing an interesting application of 
integral equation theory to mathematical economics, two papers 
(106) and (119) on the numerical solution of integral equations, 
several papers (100), (104), (114), (116) on potential theory, papers 
(98), (133) and (134) on elasticity, and a paper (128) on geometry. 

In 1925 Bateman was appointed a member of a committee on 
hydrodynamics of the National Research Council and was assigned 
the problem of writing those sections of a report on hydrodynamics 
which dealt with viscous fluids and compressible flow. The report ap- 
peared in 1932 as Bulletin No. 84 of the National Research Council. 
It is a large report of some 634 pages and of these Bateman's part ran 
to over 500 pages and is a veritable mine of information and of refer- 
ences to all papers of significance prior to 1932. The section on com- 
pressible fluids has been widely used and the report has been for 
several years out of print. Paper (136) is an important contribution 
to the theory of two-dimensional compressible fluid flow. The work 
done by Bateman on this subject during the last five years of his life is 
not yet available to the public due to secrecy imposed by war 
conditions. 

Bateman was always interested in the problem of numerical com- 
putation. In collaboration with A. A. Bennett and W. E. Milne he 
wrote a report on the numerical integration of differential equations 
which was published in 1933 as Bulletin No. 92 of the National Re- 
search Council. In 1944 he published, in collaboration with R. C. 
Archibald, a Guide to tables of J&essel functions which appealed in the 
first volume of the journal: Mathematical Tables and other Aids to 
Computation. 

His Gibbs Lecture, The control of an elastic fluid, appeared in the 
Bulletin of the American Mathematical Society, vol. 51 (1945) and in 
the same year articles by him on dynamics and elasticity appeared in 
the Encyclopaedia Britannica. His last paper, appropriately entitled 
Some integral equations of potential theory, appeared after his death in 
the Journal of Applied Physics vol. 17 (1946). We learn from a note 
by Professor E. T. Bell in the Quarterly of Applied Mathematics 
vol. 4 (1946) that he was engaged, in the time he could snatch from 
his war work, on "what he regarded as his most useful contributions 
to mathematical scholarship : an< exhaustive work on definite integrals, 
and a critical census of all the special functions that have been con- 
sidered in mathematics." It is pleasant to know that the California 
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Institute of Technology has Invited Professor Erdelyi to prepare 
these works for publication. 

This notice fails to convey an adequate impression of the per- 
sonality of the great scientist and scholar who was lost to the world 
in the passing of Harry Bateman, Modest, reserved, cultured and self- 
effacing he was, in its true sense, a gentle man. He was very English 
and he must have long looked back over his shoulder, before becom- 
ing, in 1927, a citizen of the new exuberant country in which he 
spent more than half his life, to the quiet England of Victoria and 
Edward VII. He was an expert chess player and participated, when 
eighteen years of age, in a chess tournament between England and 
America. We profit from his labors and are the better for his having 
lived amongst us. 
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ORVILLE WRIGHT 
1871-1948 

BY WILLIAM F. DURAND 

The boy is father to the man. Never, perhaps, has this old 
saying been better exemplified than in the life of Orville 
Wright. Born on August 19, 1871, in Dayton, Ohio, the 
son of Rev. Milton and Susan Catherine (Koerner) Wright, 
he began to show in early years the characteristics of mechanical 
genius and initiative which later, working with his brother, four 
years older, led to the successful demonstration of aerial flight 
in a man-made structure. 

Placed in kindergarten shortly after reaching five years of 
age, he began the systematic evasion of the school for associa- 
tion with another boy to play with an old sewing machine 
belonging to this boy's mother. Orville watched the clock 
and returned home at the hour he normally would from the 
school. This went on merrily until his mother > seeing his teacher 
one day, said that she hoped Orville was doing well. The 
teacher replied that she had not seen Orville since the first day 
when his mother brought him, and supposed that she had de- 
cided not to send him to the school. What transpired when 
the actual facts became known is not a matter of record. 

Orville was early inculcated with the lesson that if he de- 
sired spending money he must earn it and this he did in a 
great variety of ways. Wiping dishes, making minor house- 
hold repairs and odd jobs of all sorts brought in the small 
sums which were expended chiefly for tools and mechanical 
toys. 

In June 1878, when Orville was seven years old the Wright 
family moved from Dayton, Ohio, to Cedar Rapids, Iowa, 
because of the advancement of his father who was made a 
Bishop of the United Brethren Church. Here, soon after 
their arrival, the father, returning from a trip on church busi- 
ness showed to his boys, Wilbur and Orville, a small toy heli- 
copter with propeller driven by a twisted rubber band, the 
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invention of the Frenchman, Alphonse Penaud. This toy 
when released, flew to the ceiling where it fluttered for a few 
seconds before falling to the floor. This wonderful toy made 
a deep and lasting impression on the boys and may be taken 
as the starting point of their great life interest. 

Between the ages of young boyhood and early manhood, 
aside from progression through grammar and high school, 
Orville Wright occupied his time with a wide variety of enter- 
prises and projects. Among these, the following may be noted. 
The organization of an army of a dozen school boys with 
himself as general. The life of the army was brief due to 
the intervention of the school janitor. In June, 1881, the 
family removed from Cedar Rapids to Richmond, Indiana, 
where Orville took up the business of building and flying kites. 
This soon developed into a phase of building them for sale, 
by which means he obtained his spending money for a time. 
Next came an ambitious project, the building of a foot-power 
full-size lathe, in which he was assisted by his brother, Wilbur. 
Next, with Wilbur and other boys, he organized two circuses 
which were carried out with parade and success, admission, 
one cent. 

At the age of eleven Orville became interested in wood en- 
graving and this led to the making of a printing press to make 
prints from his blocks. About this time the family moved 
again, this time back to Dayton, Ohio, where he renewed his 
relations with his old chum of- kindergarten days, Ed Stines. 
Young Stines had a small printing press not much more than 
a toy and from this start there developed a long continued 
activity in the printing business, through the acquirement of a 
small but effective press by way of trade for a boat they had 
made. This activity passed on into the printing and issue of 
a small newspaper called the "Midget," together with adver- 
tising material for various clients. 

By way of diversion from the printing business, Orville and 
his chum learned the telegraph code and with small toy senders 
practiced sending messages to each other, which they would 
later verify by shouted voice. Also, at about this time, Orville 
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and Wilbur undertook the somewhat extensive job of adding 
a front porch to the house and of making some changes in the 
internal arrangement of the rooms, all of which were highly 
appreciated by the rest of the family. 

Orville's interest in printing led him to take employment 
during two summer vacations with a printing establishment 
in Dayton. Later he undertook the project of building a full 
size press, in which he was assisted by Wilbur. This was fol- 
lowed by the printing and issue of a small newspaper, the "West 
Side News," which ran for a year as a weekly and was then con- 
verted into a five column daily, called the "Evening News." 
This ran for a time and was then abandoned for a new inter- 
est, bicycles. Orville had owned, in Richmond, a bicycle of the 
first high wheel type. Now they found themselves in a posi- 
tion to buy machines of the new chain drive pattern and Orville 
soon became interested in track racing. This was followed by 
a decision to go into the bicycle business, selling, repairing, 
and manufacturing. Two successive moves into larger quarters 
followed with expanding business. Along with bicycles as the 
leading line, Orville found odd moments in which to interest 
himself in a new form of calculating machine, and also in a 
new and improved form of typewriter. 

Starting with the toy helicopter, Orville and Wilbur con- 
tinued always sensitive to anything in the public press re- 
garding attempts at human flight. In 1895 they were much 
impressed with accounts of LilienthaTs gliding experiments 
in Germany and after his tragic death, their interest became 
still keener. This led to an appeal to the Smithsonian Institu- 
tion in Washington for literature references on human flight. 
In reply several references were given and when these were 
obtained, it furished material for many days absorbing read- 
ing and study. Further reading and study led them to the con- 
clusion that progress toward the solution of the problem of 
human flight must lie through gliding experiments. Lilienthal 
became their hero, and they became thoroughly absorbed in this 
new and enticing problem. This led, in 1899, to the building 
and flying of a large biplane kite fitted for a warping of the 
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wings by means of four cords leading to the ground. This ex- 
periment was for the purpose of testing the idea of warped 
wing lateral control a control feature of the first plane to 
demonstrate, a few years later, the possibility of human flight. 
The Wright brothers were now fully committed to a serious 
study of the problem of human flight, first by way of gliding. 

Diligent reading of all available literature on the subject was 
followed by the construction of their first glider in the late 
summer and early fall of 1900. This was first to be tested 
by flight as a kite. Inquiry and correspondence indicated the 
sand dunes of the North Carolina coast as the most suitable 
location for such tests and the glider was shipped there and 
tested during the late fall, both as a kite and, carrying Wilbur 
or Orville, as a glider. These tests, while encouraging, showed, 
in various respects, marked departures from the results they 
had been led to expect from such information and data as 
they had been able to find in their reading. 

These tests of 1900 were followed by the construction of and 
tests on a second larger glider in the late summer and early fall 
of 1901. This second glider was of the same general type and 
form as the first, with such changes in details as their experi- 
ence with number one appeared to suggest. These second tests, 
while still encouraging, showed many departures from what 
was anticipated from their available information, and presented 
several new problems relating to the lift and control of cam- 
bered surfaces as affected by the travel of the center of pres- 
sure on such surfaces under varying angles of attack. 

In order to gain first hand information, Orville constructed a 
small and somewhat crude wind tunnel in which he made direct 
measurements of some of these puzzling questions. These 
results were so interesting and provocative, that the two brothers 
in the fall of 1901 made a much larger and more effective 
form of wind tunnel in which, during the fall, some two hun- 
dred forms and proportions of air foils were tested, and a large 
amount of useful information obtained. To put these new data 
to test, a third glider was built and tested in the early fall of 
1902 in more than a thousand flights. These flights were very 
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successful and resulted in setting a number of records for gliding 
flights. 

Following this, on their return to Dayton in the fall of 1902, 
they set to work on plans for a power flight. The first problem 
here was the engine. Failing to find a firm willing to undertake 
the building of an engine with the power estimated as needed 
and within the limits of weight available, they hired a mechanic 
and built the engine themselves, of 12 to 16 horsepower and, 
with accessories, weighing 170 pounds. The design of the 
propellers was a second problem which gave them much study 
and some trouble, all of which was successfully met, and pro- 
pellers, two in number turning in opposite directions in order to 
balance gyroscopic effects, gave good results later in actual flight. 

Finally in late September of 1903 they had everything in read- 
iness and made their start for Kitty Hawk, N. C. 

The time required for assembling the plane, installing the 
motor and for preliminary tests, together with spells of bad 
weather, carried the time along to December 17, before an actual 
power flight was made the first flight in a man-made machine, 
carrying a man, leaving the ground under its own power and re- 
turning under control to the ground from whence it had started. 

With Orville Wright at the controls, the plane on a level 
track, took off after a run of about 40 feet and remained in 
the air 12 seconds with a run equivalent to 540 feet in still air. 
This was followed by a second flight with Wilbur at the con- 
trols, substantially a repetition of the first flight in time and 
distance. Two further flights were made, the last of which 
with Wilbur at the controls lasted 59 seconds with a run over 
the ground of 852 feet. 

Thus, after more than three years, given very largely to this 
enterprise, the possibility of human flight was fully demon- 
strated. 

Then followed two years of intensive further development 
in a 68 acre flying field about eight miles from Dayton. 

In January of 1904, they began the building of a new plane 
along the general lines of the Kitty Hawk plane, but heavier, 
stronger and with many changes in detail resulting from the 
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Kitty Hawk experience. A new engine was also built and 
installed. In this plane they made hundreds of flights in their 
field, working at improvements and changes as indicated by 
experience. By the fall of 1905 they had made two record 
flights, one of 20^4 miles in thirty-five minutes, seventeen sec- 
onds, and one of 24^ miles in thirty-eight minutes, three 
seconds. 

Regarding publicity of the first flight on December 17, 1903, 
the brothers had desired that it emanate from Dayton, and a 
telegram was sent to their father briefly announcing the re- 
sults. Through a leakage at Norfolk, a reporter of the Nor- 
folk Virginian Pilot got a tip and published a sensational ac- 
count of which the details were drawn from his own imagination. 
Following this, the reaction of the public at large and espe- 
cially of the press seems now absolutely incomprehensible. The 
Virginian Pilot reporter sent a brief outline of the story to 
twenty-one newspapers in the United States with an offer of 
the full story. Only five were sufficiently interested to reply, 
and of these only three printed the story. From this time on 
for the next three years the Wright brothers with all of their 
continued experimental work adjacent to Dayton were prac- 
tically ignored by the press. Editors simply refused to be- 
lieve the story. Finally, however, nearly three years after the 
event, the Scientific American in its issue of December 15, 1906, 
printed an editorial announcement in which the editor accepted 
the truth of the flight and spoke of it as an "epoch making in- 
vention of the first successful aeroplane flying machine/' 

Curiously enough the first serious attempt to give this great 
news to the public was by way of a small periodical "Gleanings 
in Bee Culture/' owned and edited by a man named Root. In 
several issues of his journal, Root reported on the Kitty Hawk 
flight and on the various flights of 1904, 1905, but these notices 
gained little or no recognition from the press at large. There 
was widespread disbelief in the possibility of human flight and 
a feeling of incredulity in such widely scattered references to 
the Wrights and their work as infrequently appeared in the 
press. 
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If the attitude of the public at large and of the press is now 
hard to understand, that of Government officials, especially 
those of the War Department is still more so. The Wright 
brothers from the first were very desirous of giving to the 
Government the full benefit of their discoveries and of their 
invention of a practicable flying machine. To this end they 
had desired to offer to our Government a world monopoly on 
all their patents and to impart to the proper officials all of 
their information regarding the design and construction of the 
plane. 

Already England had approached the Wrights showing a 
definite interest in what they had accomplished and had asked 
them to submit a proposal to the War Office. They were in no 
hurry to do this, however, desiring to give their own Govern- 
ment a first chance. They wrote, therefore, on January 18, 
1905, to their Member of Congress, outlining what they had 
accomplished and asking him to learn whether such performance 
was of interest to the Government. The letter was forwarded 
to the Secretary of War who, in turn, passed it on to the Board 
of Ordnance and Fortification. 

The reply was largely a form letter in no way responsive to the 
Wright communication, and assumed that they had not yet 
brought their invention to a practicable condition. 

There was some further correspondence with the British War 
Office, but it finally appeared that the British were more inter- 
ested in obtaining information as to what had been accomplished, 
than in acquiring a plane for themselves. Octave Chanute, a 
pioneer himself in aeronautic research and a close friend of 
the Wrights, urged them to make another approach to the United 
States Government. Accordingly they drew up and sent a letter 
to the Secretary of War offering to build and deliver to the War 
Department an airplane capable of carrying an operator with a 
supply of fuel sufficient for a flight of 100 miles and with a 
minimum speed of 30 miles an hour for a distance of twenty- 
five miles ; the plane not to be accepted until after the success- 
ful performance of these requirements. 
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This letter received a reply as little responsive to the proposal 
as did their first letter. The reply assumed that they were 
applicants for a grant of money for the development of the 
plane, and appeared to assume that the airplane under proposal 
was still in an undeveloped and experimental stage. This was 
followed by further correspondence which accomplished prac- 
tically nothing in developing any basis of dealing with the 
Wrights, or in evoking any real interest by the Board of Ord- 
nance and Fortification in the subject. 

Finally, in the spring of 1906 Godfrey Cabot of Boston learn- 
ing of this situation wrote to his relative, Senator Henry Cabot 
Lodge, who forwarded the letter to the Secretary of War to- 
gether with a letter of his own. This all went again to the 
Board of Ordnance and Fortification. This resulted in a pro- 
posal to send a representative of the Board to Dayton to observe 
the results of the work of the Wrights, but no such representa- 
tive was sent. After further desultory correspondence, the 
Board wrote on May 22, 1907, requesting the Wrights to 
make a formal proposal which was forwarded on May 31. This 
was followed by correspondence regarding the price and other 
details of the proposal, all of which resulted in nothing until 
some time later. 

In the meantime the French were becoming deeply interested 
in the Wrights and in reports of what they had accomplished. 
Copies were made of the Wright plane and experimental work 
was carried on. With increase in the tempo of this interest, 
the Wrights became involved in a lively correspondence with 
France answering inquiries for information. Then followed 
visits in Dayton by representatives of French interests of one 
sort or another. Along with this keen interest in France, there 
was no lack of incredulity, especially among members of the 
Aero Club of France. With reports of visitors returning from 
Dayton, and with the gradual accumulation of evidence, how- 
ever, the performance of the Wrights became generally accepted, 
and out of this grew the granting by the Wrights of an option 
to the French War Ministry for a limited time, for the purchase 
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of a plane of stated performance and at an agreed price of 
$200,000. 

Just at this time, there was trouble brewing with Germany 
over Morocco, and it is believed that the interest of the Min- 
istry was due to the desire to have an airplane available for 
scouting missions. In the end this resulted in nothing. The 
Moroccan situation became eased, it was believed the crisis 
was past and the Ministry failed to exercise its option. 

In 1906 the Wrights were engaged in developing a new air- 
plane engine. Their work was, about this time, brought to the 
attention of the Charles R. Flint Company of New York who 
were interested in new developments of importance, and who 
had connections in Europe. This developed rapidly into a pro- 
posal from Mr. Flint to act as the business representative of 
the Wrights, especially with reference to business in Europe. In 
May of 1907 a telegram came from Flint to the Wrights, urging 
that one of them should start for Europe at once. Wilbur was 
followed by Orville who arrived in Paris in August, later visit- 
ing London and Berlin. Nothing of importance came of these 
visits and business discussions, and Wilbur returned to the 
United States in November of 1907, followed a little later by 
Orville. 

Returning from France, the Wrights found a distinctly more 
favorable attitude by the U. S. Board of Ordnance and Forti- 
fication and after some conference and discussion, a basis for 
a contract was agreed on. 

The specifications called for a machine to be tested in the 
presence of Army officers, capable of carrying for one hour a 
passenger besides the pilot, with an average speed not less than 
40 miles an hour in a ten mile test, and carrying enough fuel 
for a flight of 125 miles. 

The War Department was strongly condemned in the press 
for asking such extremes of performance, it being asserted 
in the press that no such performances had as yet been dem- 
onstrated, or were indeed believed possible. 

The Wright bid was accepted February 8, 1908 and con- 
struction was promptly begun. On March 3 of the same year, a 
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contract was signed with a wealthy Frenchman for the organi- 
zation of a syndicate to buy the rights to manufacture, sell or 
license the use of the Wright airplane in France. With these 
two governments showing an active interest in the Wright 
airplane, the period of public disbelief in the possibility of 
human flight began to shift over into one of qualified belief 
and later into a definite acceptance of the reality of what the 
Wrights had accomplished. 

Test flights were to be made in France and the plane for the 
U. S. War Department was to be tested at Fort Myer across 
the Potomac River from Washington. It was finally decided 
that Wilbur should go to France and Orville remain to carry out 
the tests at Fort Myer. These tests extended over a period of 
two weeks, some eight or ten in number, definitely establish- 
ing the fulfillment of the specifications and with continued in- 
crease of record performance. On the last flight, September 17, 
1908, something went wrong with the controls and the machine 
crashed, killing Lieut. Thomas Selfridge, Jr., who, at his own 
request, was a passenger. Orville Wright himself was seri- 
ously injured, with three hip bone fractures and a dislocation 
of one of them. 

Toward the last of December, 1908, Orville Wright re- 
cuperating from his injuries at Fort Myer, went with his sister 
Katherine to France to join Wilbur. The latter had been most 
successful in his demonstration flights and great enthusiasm 
was in evidence throughout France. Demonstration flights con- 
tinued at Pau in the south of France, attracting great interest, 
among others of King Edward VII of England and of King 
Alfonso of Spain. After further demonstration flights in 
Rome, the Wrights returned to Paris and then went to London 
whence they returned home to Dayton. 

Next came the final test flights at Fort Myer in 1909 which 
were successfully carried out, chiefly by Orville, resulting in 
substantial advances beyond specification requirements and int 
a corresponding bonus beyond the purchase price. 

Immediately after completing these U. S. Army tests, Orville 
Wright set out for Berlin in accordance with an understanding 
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reached with German authorities on their previous visit to 
Europe. This visit was for the purpose of training German 
pilots and giving exhibition flights. The latter, given in the 
Tempelhof grounds and at Potsdam, were successful in the 
highest degree and awoke unbounded enthusiasm in the spec- 
tators. In October of 1909 he took the German Crown Prince 
for a flight, the first airplane flight with royalty as a passenger. 
His last flight in Germany was a twenty-five minute run at which 
Kaiser Wilhelm was an interested and enthusiastic spectator. 
He then sailed with his sister for New York, arriving on No- 
vember 4, and thence home to Dayton. 

Companies for the manufacture of Wright's airplanes had 
been organized in France and Germany and a plane had been 
sold in Italy before any serious attempt was made by American 
industry to undertake such manufacture. Finally, on Novem- 
ber 22, 1909, nearly six years after the Kitty Hawk flight, a 
company was organized for this purpose, with many impressive 
names in business circles on the list of stockholders. The 
Wrights realized that the time was not yet ripe for manufacture 
on any large scale and a decision was reached to undertake the 
development of a more widespread interest in flying through 
flight exhibitions, and for a time this constituted the chief 
activity of the company, following which a gradual shift over 
into manufacture developed. 

Aside from occasional exhibition flights, Orville Wright dur- 
ing this period devoted most of his time to the supervision of 
engineering at the factory in Dayton, while Wilbur was occupied 
in looking after patent litigation with which the Wrights were 
grievously plagued for some years finally, however, winning 
out in the most important of these suits. 

Tragedy was just ahead. On May 30, 1912, Wilbur Wright 
died, and Orville succeeded him as President of the Wright 
Company. In 1913 he made a trip to Europe on business relat- 
ing to a patent suit in Germany and at the same time sanctioned 
the organization of a Wright Company in England. 

During 1914 Orville Wright bought up all the stock of the 
Wright Company except that held by his friend Robert J. 
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Collier. This move was for the purpose of uniting the stock 
of the Company practically under one name and then selling 
out, thus retiring himself from active association with the busi- 
ness. This was accomplished in 1915 and his holding was taken 
over by a group of eastern capitalists. 

Over a period of some thirty years from 1910, much of Orville 
Wright's attention was taken up with an unfortunate controversy 
with the Smithsonian Institution, finally settled to Mr. Wright's 
satisfaction by a statement by Dr. C. G. Abbot, executive officer 
of the Institution. In the years about 1910, there was corre- 
spondence between Mr. Wright and the Smithsonian Institution 
regarding a flying machine or a model of one for deposit in the 
National Museum, along with the restoration of the Langley 
plane which fell into the Potomac River in a trial flight nine days 
before the successful flight of the Wright plane at Kitty Hawk 
in 1903. When first exhibited in the National Museum in 1918, 
the Langley machine bore the simple title, The Original Full 
Size Langley Flying Machine, Jpoj. . For this simple label, 
others were substituted later containing the claim that Langley's 
machine "was. the first man carrying aeroplane in the history 
of the world capable of sustained free flight". 

There was never any controversy as to who first accomplished 
sustained free flight. That was everywhere conceded to the 
Wrights, but the claim that the Langley machine was capable 
of such flight was challenged by Mr. Wright in defense of his 
own and of his brother's pioneer achievements. Nothing came 
of the early correspondence regarding the furnishing, by the 
Wrights, of a model or a full-sized plane for exhibit in the 
National Museum, but finally in 1914, resulting from a proposal 
by Glenn Curtis of Hammondsport, N. Y., it was decided to 
turn over the original Langley machine to Mr. Curtis for an 
attempt to prove that this machine was capable of sustained 
free flight 

Numerous changes were made in the machine, some of them 
of definite importance to the test, and with these changes, a few 
flights were made over Lake Keuka, N. Y., none exceeding 
five seconds in duration. Following this the Smithsonian an- 
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nounced in its Annual Report for 1914 that the Langley machine 
"has demonstrated that with its original structure and power, 
it is capable of flying with a pilot and several hundred pounds 
of useful load. . . ." This claim was again challenged by Mr. 
Wright and a long and very unfortunate controversy resulted. 
Finally, in 1928, Orville Wright, in reply to a request from the 
Science Museum, South Kensington, London, sent the original 
Kitty Hawk flight plane to that Institution for exhibit. 

Dr. C. G. Abbot became executive officer of the Smithsonian 
Institution in 1928 and took up the task of carrying on negotia- 
tions with Mr. Wright regarding the matters at issue between 
him and the Institution. Finally it settled down to the proposal 
that Dr. Abbot should prepare a statement for review by Mr. 
Wright, covering the salient points at issue. Several drafts 
were made of such a statement and it was not until 1942 that 
one was finally drawn up acceptable to Mr. Wright. In this 
statement Dr. Abbot stated, "It is to be regretted that the Insti- 
tution published statements repeatedly to the effect that these 
experiments of 1914 (at Hammondsport, N. Y.) demonstrated 
that Langley's plane of 1903, without essential modification, 
was the first heavier than air machine capable of maintaining 
sustained human flight." 

In addition to a brief history of the controversy with Mr. 
Wright, the Abbot statement contained a long and detailed list 
of the changes made in the Langley machine, before undergoing 
the Hammondsport tests. With the acceptance of this state- 
ment by Mr. Wright as satisfactory to him, the way would 
appear to be open for the return of the Kitty Hawk machine 
to its native land, and to an honored place in our National 
Museum. 

The Wrights were the recipients of many awards and medals. 
The list for Orville Wright includes the following: B.S. Earl- 
ham College, Indiana, 1909; LLD, 1931 ; Dr. Tech. Sci., Royal 
Technical College, Munich, 1909; LLD Oberlin, 1910; Harvard 
University, 1930; Huntington (Indiana) College, 1935, Sc.D. 
Trinity, 1915; Cincinnati, 1917; Ohio State University, 1930; 
M.A. Yale, 1919; Dr. Eng'g University of Michigan, 1921; 
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Dr. Sci. Otterbein College, Westville, Ohio, 1947; Dr. Eng'g 
University of Dayton, 1943; Award of Collier Trophy, 1913; 
Gold Medal, Aero Club of France, 1908; Aero Club of United 
Kingdom, 1908 ; Academy of Sports of France, 1908 ; Aeronau- 
tical Society of Great Britain, 1908; Congress of U. S., 1909; 
State of Ohio, 1909; City of Dayton, 1909; Aero Club of 
America, 1909; French Academy of Sciences, 1909; Cross of 
Chevalier of Legion of Honor, French, 1909; Cross of Officer 
of Legion of Honor, 1924; Langley Medal, Smithsonian Insti- 
tution, 1910; Elliott Cresson Medal, Franklin Institute, 1914; 
Albert "Medal, Royal Society Arts, 1917 ; John Fritz Medal, 
1920; Bronze Medal International Peace Society; John Scott 
Medal, 1925; Washington Award, 1927; Distinguished Flying 
Cross Award, 1929; Daniel Guggenheim Medal, 1930; Franklin 
Medal, 1933; Hon. Member Aero Club of Sarthe France; 
Aeronautical Society Great Britain; Aero Club of America; 
Osterreichischen Flugtechnischen Vereines, -Vienna; Verein 
Deutscher Flugtechniker, Berlin ; American Society of Mechani- 
cal Engineers; Aeronautical Society of America; Institute of 
Mechanical Engineers, London ; National Academy of Sciences ; 
Hon. Aircraft Pilot Certificate, No. I, issued by Civil Aeronau- 
tics Authority, 1940. 

In 1915, by Act of Congress, the National Advisory Commit- 
tee for Aeronautics was organized, and Orville Wright was 
appointed by President Wilson, one of the civilian members. 
This post Mr. Wright held until his death, with quite regular 
attendance twice a year (annual and semi-annual meetings) in 
Washington. He thus served as a member of this Committee 
for some thirty-three years. 

Due to the accident at Fort Myer when Lieut. Selfridge was 
killed, Mr. Wright received severe back and hip injuries re- 
quiring some replacements by metal. This condition caused 
severe pain when traveling by railroad due to the jar and 
tremor of the car and his keen devotion to duty to the Ad- 
visory Committee for Aeronautics is shown by his willingness 
to subject himself, at least twice a year, to the train ride from 
Dayton to Washington for attendance at these meetings. 
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After his retirement from active business pursuits, Orville 
Wright lived quietly at his home in Dayton. For occupation 
he spent much time with the records of the extended research 
work carried on both before and following the Kitty Hawk 
flight; with work in his laboratory on new ideas of interest to 
him; and with reading. He was an active and interested 
reader fiction, biography, scientific journals, with occasional 
turns to an encyclopedia. He often read late at night and 
most of his late evenings were spent in this way. His chief pub- 
lic obligation was attendance at meetings of the National Ad- 
visory Committee for Aeronautics. He was also greatly inter- 
ested in the Dayton Art Institute and in the Engineer's Club 
of Dayton. Among the projects worked on in his laboratory 
may be noted an automatic record changer for phonograph; 
a cipher machine during World War II, for the purpose of 
speeding up the transmission of cipher messages ; and an 
improved form of typewriter. In connection with the subject 
of inventions, mention may here be made of the system of air- 
plane control by wing warping mechanically connected with 
rudder control, which embodies the aerodynamic equivalents 
of the system employed at the present time. Mention may also 
be made of the fact that while wind tunnels had been con- 
structed in Europe, the wind tunnel of the Wrights was the 
first in the United States. 

An event of supreme interest to Orville Wright occurred 
in December, 1928. This was a pilgrimage, organized by the 
National Aeronautic Association, to Kitty Hawk, to the site 
of the first flight in 1903, twenty-five years earlier. This 
pilgrimage was participated in by members of the Aeronautic 
Association, members of the National Advisory Committee for 
Aeronautics, Members of Congress, officers of the Army and 
Navy and other high Government officials, with, of course, 
Mr. Wright at the head of the list some 200 in number. 

The Congress of the United States had authorized the erec- 
tion of a national monument on Kill Devil Hill by an Act 
signed by the President on March 2, 1927, and the National 
Aeronautic Association had authorized the erection of a me- 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXV 

morial on the spot from which the first Kill Devil flight took 
place. The corner stone of the national monument was laid 
on December 17, 1928 at 2 P. M., by the Hon. Dwight F. Davis, 
Secretary of War, with appropriate addresses and the memorial 
of the National Aeronautic Association was unveiled on the 
same day at 3 P. M. with an address by Mr. John F. Victory, 
Secretary of the National Advisory Committee for Aeronautics. 
The national monument is a shaft of Monterey Granite some 
fifty feet in height, while the memorial is a ten ton granite 
boulder with a bronze tablet suitably inscribed. 

Orville Wright had the reputation of never having made a 
public address. On two occasions, however, he made a close 
approach. When the two brothers returned to New York from 
Europe in 1909, Wilbur made a speech at a Lawyers' Club in 
New York and when he had finished, Orville was introduced 
and called on for a few words. He replied in effect that he 
agreed with everything that Wilbur had said, and sat down. 
Another occasion was when the National Advisory Committee 
for Aeronautics held a meeting in Orville Wright's home in 
Dayton on December 17, 1936. He had carefully counted the 
number of members and arranged the chairs in an oval form, 
but, by oversight, without a chair for himself. As befits a good 
host he stood for a time until a chair was brought. In the 
meantime, the regular chairman of the Committee being ab- 
sent, Orville Wright was nominated to preside as chairman 
of the meeting; whereupon he, standing, undertook to address 
a seated audience arguing why he should not be elected to this 
office. The members noted that he was actually making a 
speech, which caused him to abruptly terminate his remarks, 
whereupon he was duly elected temporary chairman. 

In April of 1946 the President signed the certificate of the 
Award of Merit to Orville Wright for distinguished service 
with the National Advisory Committee for Aeronautics during 
the great war. Due to delays in the War Department, plans 
for the actual award were dekyed until January of 1948 and 
it was planned that he would come to Washington on January 
15 for that purpose, but the condition of his health would not 
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permit and gradually growing weaker, he died on January 30, 
without personally having received the award. 

The name of Orville Wright will always stand as represent- 
ing a man of fine personal qualities, modest yet firm in holding 
to what he considered right and just, and withal a great and 
original thinker and with his brother, the first to solve the 
problem of human flight in a man-made machine, with all that 
this epoch making invention has developed into in our own day. 
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LIST OF PRINCIPAL CONTRIBUTIONS TO SCIENCE 
BY ORVILLE WRIGHT 

Stability of Aeroplanes. Franklin Institute, Journal, vol. 178, pp. 249-258, 
September, 1914. Published also in Annual Report of the Board 
of Regents of the Smithsonian Institution, 1914, pp. 209-216. Ab- 
stracted in Scientific American Supplement, vol. 78, pp. 206-207, Sep- 
tember 26, 1914. Presented at the stated meeting of the Institute 
held Wednesday, May 20, 1914, when Dr. Wright received the In- 
stitute's Elliott Cresson Medal. 

How We Made The First Flight. Aviation, v. 15, pp. 737-741, Decem- 
ber 17, 1923. Reprinted from Flying, December, 1913. 

The Early History Of The Airplane. Dayton, Ohio, [1922]. (Pamphlet.) 
Contains three articles, which are reprints of articles in the Century 
Magazine and Flying, pp. 1-8. The Wright Brothers' Aeroplane, 
by Orville and Wilbur Wright, pp. 9-15. How We Made The First 
Flight, by Orville Wright. Dayton- Wright Airplane Co. 

(With Wright, Wilbur). Our Aeroplane Tests At Kitty Hawk. Scientific 
American, vol. 98, p. 423, June 13, 1908. 

(With Wright, Wilbur). The Wright Brothers' Aeroplane. Century 
Magazine, vol. 76, pp. 641-650, September, 1908. Reprinted in Avia- 
tion, Vol. 15, pp. 732-737, December 17, 1923. 

Practical aeronautics; an understandable presentation of interesting and 
essential facts in aeronautical science. By Hayward, Charles B., 
with introduction by Orville Wright. Chicago. American, School 
of Correspondence, 1912, 1917. 
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MARGARET FLOY WASHBURN 
1871-1939 

BY ROBERT S. WOODWORTH 

The Harlem district of New York City, in 1871, still had 
the characteristics of a roomy residential suburb. "Both sides 
of I25th Street from Fifth Avenue to the Hudson River were 
occupied by white-painted frame mansions set in gardens/' A 
house near Fifth Avenue stood in a large garden, part of a 
tract of several acres which had been acquired about 1800 by 
Michael Floy. This English-born great-grandfather of Mar- 
garet Floy Washburn was the last of her ancestors to arrive 
in this country, the others Dutch, Flemish, English, Welsh, 
Scottish having previously settled in New York, Maryland, 
Virginia and Connecticut. Michael Floy built up in Harlem 
a profitable business as florist and nurseryman. Others of 
her ancestors and senior relatives were druggists, teachers, 
clergymen, and one woman physician. Literary and musical 
tastes were shown by many in this large family group, though 
not professionally. 

Dr. Washburn looked back with affection on her Harlem 
birthplace and childhood home. "It seems to me that my in- 
tellectual life began with my fifth birthday. I remember a few 
moments when I was walking in the garden; I felt that I 
had now reached an age of some importance, and the thought 
was agreeable. Thinking about myself was so new an experi- 
ence that I have never forgotten the moment." Her father 
was in business at this time but a little later became an Epis- 
copal minister serving parishes upstate in Walden and Kingston. 
He was a man of intellectual tastes but uncertain temper. Her 
mother's nature, she said privately, was perfectly balanced with 
natural strength and sweetness of character, a fine mind and 
musical talent. Her own early schooling was anything but 
regular. She learned to read at home at an early age and read 
a great deal, "enjoying the blessed privilege of an only child 
to be undisturbed when at leisure." She attended small private 
schools for three or four years, and a public school for a year 
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or more before entering high school at the age of twelve. 
She entered Vassar College at the age of sixteen. Her love 
for literature she continued to foster by private reading, while 
her intensive college work was in chemistry, biology, and philos- 
ophy. She graduated from Vassar in 1891. 

"At the end of my senior year I had two dominant intel- 
lectual interests, science and philosophy. They seemed to be 
combined in what I heard of the wonderful new science of ex- 
perimental psychology. Learning of the psychological labora- 
tory just established at Columbia by Dr. Cattell, who had 
come . . . from the fountain-head, the Leipzig laboratory, I 
determined to be his pupil. . . . But Columbia had never ad- 
mitted a woman graduate student: the most I could hope for 
was to be tolerated as a 'hearer/ . . . Dr. Cattell treated me 
as a regular student and required of me all that he required 
of the men. ... At the end of the year ... he advised me 
to apply for a graduate scholarship at ... Cornell. I feel an 
affectionate gratitude to him, as my first teacher, which in these 
later years I have courage to express ; in earlier times I stood too 
much in awe of him. While I was thus being initiated into 
Carteirs objective version of the Leipzig doctrine, the influence 
of William James's Principles was strong. ... I went in the 
fall of 1892 to Cornell, where Titchener had just arrived from 
Oxford and Leipzig." x 

During her first year at Cornell she was Titchener's only 
major graduate student. The second year she was joined 
by Walter B. Pillsbury. Titchener, while ably represent- 
ing Wundt's introspective experimental psychology, had not 
yet worked out his own rigidly " structural" or "existential" point 
of view, to which indeed these two earliest students of his never 
subscribed though they fully believed in the value of introspec- 
tive methods. Pillsbury (2) "remembers Miss Washburn well 
from the Cornell period. . . . She was a brilliant conversa- 
tionalist, inclined to be rather acid in her comments on men 
and things. Her keen sense of humor was fully developed at 
this time. . . . Titchener had not formulated his structuralism. 
. . . His main aim was to establish psychology as a science. 
. . . When the more rigid system developed, Miss Washburn 



1 This and the other quotations so far are from Dr. Washburn's auto- 
biography (1032). 
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showed a lack of sympathy with the more extreme tenets." 
Her research in both the Columbia and the Cornell laboratories 
was devoted to the perception of distances and directions on the 
skin, with an added original emphasis on the part played by 
visualization in these cutaneous perceptions. Her dissertation 
on this problem had the honor (at the time a distinct honor) 
of being accepted by Wundt for publication along with the 
output of his own laboratory (1895). Her studies at Cornell 
were in philosophy as well as psychology, and on obtaining the 
Ph.D. degree in 1894 she "gladly accepted the Chair of Psy- 
chology, Philosophy, and Ethics (not to mention Logic)" at 
Wells College, where she remained six years. With two 
additional years back at Cornell as "warden" of a students' 
residence hall and (incidentally) lecturer on social and animal 
psychology, she passed in all ten years in the neighborhood, 
making much use of the Cornell laboratories and libraries, and 
keeping in touch with the philosophers as well as the psycholo- 
gists. The position of warden with its time-consuming social 
functions and its responsibility for the behavior of the girl stu- 
dents proved to be highly uncongenial, and she was glad to obtain 
a position at the University of Cincinnati as assistant professor 
in full charge of psychology. She was still more pleased a year 
later, in 1903, to receive a call to a similar position at her alma 
mater, Vassar College, where she remained the rest of her life. 
Professor Washburn was eminently successful as a teacher 
and administrator. She soon built up one of the strongest un- 
dergraduate departments of psychology in the country. "Her 
lectures were brilliant, exact, clear, with such a wealth of refer- 
ences and citing of original sources as almost to overwhelm a 
student as yet unable to appreciate the breadth of the scholar- 
ship and the painstaking labor involved in the construction of 
a single lecture" (8). She was not merely an ardent and thor- 
ough scientist : she was a vivid personality with great influence 
on her students, colleagues and fellow psychologists. "The key 
to her personality was a unique attitude, in which were combined 
a detached objective devotion to experimental science and a 
passionate joy of living. She practiced with keen apprecia- 
tion the arts of painting, music, the theater, and the dance. 
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Her studies of the animal mind were inspired by the quality 
of temperament expressed in her last words spoken in health, 
*I love every living thing/ In especial, she loved and stimulated 
her pupils" (7). Many of her students went on to graduate 
study in various universities and to careers in psychology. She 
never attempted to develop graduate study at Vassar, since 
she deprecated such study for women at any but coeduca- 
tional universities. 

A very successful educational venture which she introduced 
at the beginning of her teaching at Vassar consisted in collabo- 
rating with her major students in compact and well-defined 
pieces of research. 

"In order to give the senior students in psychology a glimpse 
of research methods, a few simple experimental problems were 
devised each year, whose results, if they worked out successfully, 
appeared in the American Journal of Psychology as * Studies 
from the Psychological Laboratory of Vassar College.' The 
problem and method of a study having been determined by me, 
the experimenting was done by the students, who also formu- 
lated the results; the interpretation and writing of the reports 
fell to me and the paper was published under our joint names" 
(6). 

Her bibliography (4, 5) contains nearly seventy of these joint 
papers. They are brief and to the point but many of them are 
substantial scientific contributions. Considered as a device for 
continued productive research by a busy teacher, the plan worked 
out very well. Though quite a variety of problems were at- 
tacked, the research as a whole cannot be called scattered, since 
it revolved about a few persistent problems of the major in- 
vestigator. 

Spatial perception by the different senses was one recurring 
problem in her experimental work and that of her students. 
Early work of this kind on the skin sense was followed later 
by studies of the perception of the third dimension by the eye, 
with special reference to binocular rivalry and other forms of 
fluctuating perception. After-images were a related field of 
work. 

Memory for hand movements and other movements in space 
was a topic of interest. And memory for emotional experiences 
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was especially interesting to her students. When a person 
was asked to revive as strongly as possible some past experi- 
ence of fear or anger or joy, it was found that joy was more 
strongly and also more quickly brought back than fear or 
anger. "Anger is frequently felt, but . . . reluctantly re- 
called." 

Experimental esthetics was one major enterprise of the 
Vassar laboratory. A simple but effective rating method was 
employed in a large variety of studies on the esthetic effect 
of pictures, music, colors, and speech sounds. Of the vowels, 
the sound of u as in mud was rated the least pleasant, while e 
as in get and a as in father were the most pleasant vowels 
though less pleasant than /, m and n. These preferences were 
traceable partly but not wholly to associations. More pro- 
nounced were color preferences. The pleasure of a color com- 
bination was found to be due only in part to the pleasantness of 
the colors individually, since two pleasant colors placed side by 
side might make an unpleasant impression, and even a pair of 
unpleasant colors might give a pleasant effect. There were 
many other relevant findings on fatigue, fluctuation, habitua- 
tion, suggestion, and voluntary control of one's likes and dis- 
likes. The law of "affective contrast" that moderately pleas- 
ant colors, for example, become more pleasant when inter- 
spersed with unpleasant colors, less pleasant when interspersed 
with very pleasant ones was first demonstrated in the Vassar 
laboratory. 

The detection and measurement of individual differences con- 
stituted another major enterprise. Tests of freshmen for pre- 
dicting scholarship in college were tried out and some good 
ones identified. A simple test for retaining spatial relationships 
was fairly indicative of aptitude for geometry. In the difficult 
field of emotional and temperamental traits Dr. Washburn did 
much pioneering. Was it possible by laboratory methods to 
distinguish the excitable from the phlegmatic individual, or the 
optimistic from the pessimistic? Promising leads were opened 
up though conditions were not favorable for the large-scale 
sampling required in the standardization of such tests for 
general use. 
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Finally, a few of these Vassar Studies dealt with problems of 
animal psychology. Color vision, i.e., the ability to distinguish 
between light of different wave lengths, was demonstrated in 
certain fishes and disproved in the rabbit. This problem is much 
more difficult than it seems but she was aware of the pitfalls 
and her conclusions have held good. Other animal studies were 
concerned with problems of motivation and orientation. 

Her interest in animal psychology was rooted in an intense 
love for animals. She wished to learn as much as possible about 
their conscious experience and not merely about their external 
behavior. Admitting that no logical demonstration of con- 
scious experience in animals was possible, she still believed it 
worth while to consider the nature and limitations of such ex- 
perience, provided it was present at all. For example, since the 
rabbit shows no power of discriminating red from green, we 
may safely draw the negative conclusion that these color sensa- 
tions are absent from this animal. Since some fishes do dis- 
criminate in their behavior between light of different wave 
lengths, we may safely infer that they get different sensations 
from the different wave lengths provided, that is, we assume 
the fish to have any sensations at all. This inference is some- 
what weakened, to be sure, by the absence from the fish's brain 
of a cerebral cortex which in man appears to be necessary for 
conscious experience. The more similar the anatomical struc- 
ture, as well as the behavior, of an animal to man, the more 
confident we feel in assuming conscious experience in the 
animal. 

"Our acquaintance with the mind of animals rests upon the 
same basis as our acquaintance with the mind of our fellow man ; 
both are derived by inference from observed behavior. The 
actions of our fellow men resemble our own, and we therefore 
infer in them like subjective states to ours: the actions of 
animals resemble ours less completely, but the difference is one 
of degree, not of kind. . . . The mental processes in other 
minds, animal or human, cannot indeed be objectively ascer- 
tained facts ; the facts are those of human and animal behavior ; 
but the mental processes are as justifiable inferences as any 
others with which science deals. . . . We know not where 
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consciousness begins in the animal world. We know where it 
surely resides in ourselves; we know where it exists beyond 
a reasonable doubt in those animals of structure resembling 
ours which rapidly adapt themselves to the lessons of experience. 
Beyond this point, for all we know, it may exist in simpler and 
simpler forms until we reach the very lowest of living beings." 2 

The point of view thus clearly expressed in 1908 in the first 
edition of Dr. Washburn's book, The Animal Mind, was main- 
tained in the later editions of 1917, 1926, and 1936. Meanwhile, 
beginning about 1912, the radically different "behavioristic" 
point of view became prominent and influential. The behavior- 
ists argued that since "the facts are those of human and animal 
behavior," the theories also should remain at the behavior level, 
and that the whole of psychology should treat of behavior only 
with no reference to conscious experience. She regarded this 
scrapping of the extensive knowledge gained by introspective 
methods in the study of human sensory processes as a wasteful 
and essentially stupid procedure and as one which would rob 
animal psychology of most of its interest and fruitfulness. For 
it is by reference to our own experience that we are able to 
interpret animal behavior in a meaningful way, and it is by 
use of our own experience that we can formulate fruitful hy- 
potheses to be put to the necessary behavioral test of experiment. 
Such visual phenomena as after-images and flicker are known 
at first hand in our own sensory experience and can be used for 
setting up hypotheses to be tested in animal behavior. Even 
John B. Watson's famous theory of human thinking as consist- 
ing of minute speech movements was probably suggested by the 
everyday introspective observation of silent speech in thinking. 
Such was Dr. Washburn's argument in her presidential address 
before the American Psychological Association in 1921. A 
dualism of physical and mental processes seemed to her inescap- 
able, no matter how strongly one might prefer a monism. Red 
as a physical stimulus has a certain wave length, but the sensa- 
tion of red has no wave length. Heat as a physical stimulus is 
a mode of motion, but the sensation of warmth is something 



a From M. F. Washburn : The Animal Mind. Copyright, 1908, by The 
Macmillan Company and used with their permission. 
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entirely different from motion. In their zeal for a physical 
monism the behaviorists were proposing to deny the existence 
of sensations or at least to regard them as of no possible scien- 
tific interest. Miss Washburn regarded sensations and other 
conscious experiences as both real and important for science. 

In The Animal Mind the problem of consciousness in animals 
recurs in relation to the different senses, space perception, 
memory, problem solution, etc., but does not by any means domi- 
nate the book. The book is, rather, a comprehensive survey 
of animal behavior, based on a critical analysis of the literature 
which even in 1908 demanded a bibliography of 476 titles, 
increasing from edition to edition up to a total of 1683 titles. 
This pioneer treatment of the subject was influential in the 
development of animal psychology. In its successive editions 
can be found many judicious interpretations and ingenious sug- 
gestions, some of which are still awaiting the attention they 
deserve. How do ideas, as distinct from sense perceptions, first 
arise? Her suggestion (1908, p. 273) was that they probably 
arose as anticipations of what was about to happen rather than 
as memories of what had happened. When is the drive toward 
a goal strongest? She suggested (1936, p. 379) that it reached 
its peak just as the goal was on the point of being attained, 
so that the successful act which reaches the goal is done 
with the strongest drive and therefore becomes most strongly 
associated with the drive. Here we have the germ of a possible 
future theory of learning, a theory which would apparently 
avoid most of the pitfalls of existing theories. 

One of her theories which she worked out most thoroughly 
was a motor theory of ideas and of perceptions as well. In 
the presence of an object we have a sensory impression of it ; 
we get the look of it, the sound of it, or the feel of it. In the 
absence of the object we may be able to revive this sensory 
impression so as to remember how it looks, sounds, or feels. 
According to the older theory, our idea of an object consists 
of these revived sensory impressions. But we are motor crea- 
tures as well as sensory. There is something more to a per- 
ception than a sensory impression; there is an incipient move- 
ment, a readiness to approach and manipulate the object, or per- 
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haps to avoid it. Different objects are manipulated differently, 
and the motor theory holds that each perceptibly different object 
awakens a different motor readiness. Similarly, the idea of an 
object is more than a revived sensory impression, for it involves 
an incipient movement, a readiness to manipulate the object 
in the characteristic way. Motor readiness can easily be dem- 
onstrated in animals as in the dog ready to chase a ball as soon 
as you throw it but whether animals have the power of re- 
viving sensory impressions is very doubtful. So it would seem 
that the motor element in an idea is more primitive and funda- 
mental than the sensory element. The power of reviving sensory 
impressions may well be a derivative of the power of making 
anticipatory movements. Motor anticipation may give rise 
to sensory anticipation. Consider an animal ready to execute 
a certain movement but forced to wait for a starting signal 
to wait for the ball to be thrown nerve energy may overflow 
from the motor to the sensory cortical areas and produce a 
sensory experience, an idea of what is about to happen. Ideas 
would arise, then, when motor activity is partially blocked. 

Learning, according to this theory, is primarily a motor 
affair and consists in the association of movements into regu- 
lar series and simultaneous combinations, the association taking 
place by way of the muscle-sense stimuli produced by the con- 
traction of the muscles. When two movements are made in 
quick succession, the muscle-sense stimuli produced by the 
first movement reach the brain in time to play a part in the 
innervation of the second movement, and thus the two move- 
ments become chained into an integrated sequence, as in the 
pronouncing of a two-syllable word. Much more elaborate 
movement systems are developed by an extension of this process. 
Ideas, being in part motor affairs, are associated in the same 
way. A group of ideas becomes an organized system by the 
integration of their motor components. Incompatible ideas are 
such as demand incompatible movements. The enormous num- 
ber and variety of human ideas are provided for by the variety 
of possible movements of the hands, eyes and speech organs. 
Meanwhile the large muscles of the trunk and limbs play their 
part in thinking, for it is they that assume the postures of ex- 
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pectancy, doubt, questioning, acceptance or rejection, and per- 
sistent purposive activity. 

This motor theory was foreshadowed in some of her early 
papers, worked out with great care in her book of 1916, clearly 
and briefly presented in her two papers of 1928, and outlined in 
her contribution to the collection, Psychologies of ipjo. As she 
explains in this last article, some such physiological theory seems 
to be demanded by the nature of scientific thought (p. 81 ) : 

"So far as we can comprehend it, the world involves two 
types of processes: (a) material processes . . . and (b) mental 
processes. . . . The material world is a sum of movements, 
but no sensation quality can ever be identified with a move- 
ment. Blue may be caused by movement of a certain frequency, 
but it is not itself a movement. . . . The world of qualities or 
conscious processes never affects the world of movements or 
material processes causally. ... It is only a movement or ma- 
terial process that can cause or in any way influence another 
material process." 

To which may be added a sentence from 1928 (p. 104) : 

"While consciousness exists and is not a form of movement, 
it has as its indispensable basis certain motor processes, and 
, . . the only sense in which we can explain conscious processes 
is by studying the laws governing these underlying motor 
phenomena." 

In spite of her persistent labors on this theory Miss Wash- 
burn was at heart an experimentalist. "The results of experi- 
mental work/' she said in her autobiography, "if it is successful 
at all, bring more lasting satisfaction than the development of 
theories." She was an active member of the Society of Experi- 
mental Psychologists, whose custom it is to get together in 
informal round-table discussions of research in progress. With 
a Vassar colleague she won the Edison prize for an experimental 
study of "the emotional effects of instrumental music." Her 
long list of experimental studies has already been mentioned. 

She also took an active part in organizational matters, being 
an excellent collaborator and committee member. Many honors 
and responsibilities came to her from her psychological col- 
leagues. She served at different times as President of the 
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American Psychological Association, as President of the New 
York Branch of that association, and as Vice-President of the 
American Association for the Advancement of Science and 
chairman of its psychological section (Section I). Twice, in 
1919-1920 and again in 1925-1928, she was a member of the 
Division of Anthropology and Psychology of the National Re- 
search Council. As chairman of an American Psychological 
Association committee and of a National Research Council 
committee she played a leading role in inaugurating the valuable 
journal. Psychological Abstracts. She carried editorial respon- 
sibilities in several journals, especially the American Journal 
of Psychology which she served for thirty-six years. Her col- 
leagues on the journals, in recognition of her eminent services, 
joined in 1927 in presenting to her a Commemorative Volume 
of the American Journal of Psychology. A woman of great 
personal charm she also possessed in high degree the desire and 
ability to collaborate on terms of perfect equality with all col- 
leagues, male and female, young and old. For three decades an 
active and productive member of the scientific fraternity, she well 
deserved the honor of membership in the National Academy of 
Sciences. 
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BY WILLIAM F. DURAND 

The crisis brings forth the man. The significance of aircraft 
as a means of warfare began to be recognized during World 
War I. Once the war was over there began to be an insistent 
demand, on the part of the armed forces, for large expansion 
of various types of aircraft, both military and naval. This was 
brought into some form of symmetry and reason by the Coolidge 
Air Board of 1925. 

In the meantime, ten years earlier,, in 1915, the Congress had 
created the National Advisory Committee for Aeronautics with 
the specific mission "to study the scientific problems of flight 
with a view to their practical solution." 

This body, as then organized, comprised two representatives 
from the Army, two from the Navy, one representative each 
from the Smithsonian Institution, the Bureau of Standards and 
the Weather Bureau, together with five civilians, selected with 
reference to their training and professional record. The ap- 
pointments to membership on the Committee were made by 
President Wilson and the new organization began actively a 
survey of its problems. 

From the first it became evident that progress in the develop- 
ment of new and improved types of aircraft was definitely con- 
ditioned on a greatly augmented understanding of the phenomena 
of aerodynamics, of internal combustion engines and of the 
materials of aircraft construction. This implied a wide and 
intensive program of research. 

On request the Army, during World War I, had allotted to 
the Committee an area in its Langley Field, near Old Point 
Comfort, Virginia, for the construction of a research laboratory. 
A start had been made comprising an administration and general 
purpose building, a small wind tunnel with building, an engine 
research building or shed, and a hangar loaned by the Army 
with two planes for experimental purposes. 

A leader was needed to direct the work of this laboratory, 
and in 1919 the choice fell on George W. Lewis, a young employe 
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of the Committee since 1917, whose initiative, energy, tact and 
winning personality had already strongly impressed all who had 
come in contact with him. 

This was the crisis, and this was the man who appeared, ready 
and able to undertake the serious responsibilities of the situation. 

George William Lewis was born in Ithaca, New York, March 
10, 1882, the son of William Henry Lewis and Edith Sweetland 
Lewis. From Scranton High School he went to Cornell Uni- 
versity, graduating in 1908 as a mechanical engineer. He re- 
mained at Cornell for two years as Instructor and graduate 
student, receiving his Master's degree in 1910. He then joined 
the faculty of Swarthmore College, and in 1917 became Engi- 
neer-in-Charge of the Clarke Thompson Research of Phila- 
delphia. 

His first contact with the Committee, or the N.A.C.A., as it 
soon came to be called, was in the summer of 1917 when he 
appeared at the office of the Chairman, in the Munsey Building, 
Washington, D. C, with a proposal for a research in connection 
with the two cycle type of internal combustion engine, which he 
thought might be of interest to the Committee. The Chairman 
recognized promise in the project and arrangements were made 
for carrying it on as a Committee undertaking, with young 
Lewis in charge. 

His handling o this project, together with other matters 
assigned to him, resulted in 1919, as noted above, in his appoint- 
ment to take charge of the Committee's laboratory at Langley 
Field, an appointment which in 1924 was changed to Director 
of Research for the Committee. 

At the time of his appointment in 1919 to take charge of the 
laboratory, it was only a small organization of some 20 em- 
ployes, with buildings and equipment as noted earlier. Its 
growth down through the years has been impressive in the 
highest degree, 

Lewis early recognized that sound progress in aeronautic 
science and engineering required the fulfillment of four con- 
ditions an adequate understanding of the aerodynamic phe- 
nomena involved in flight, a like understanding of the operation 
of internal combustion engines as a means of propulsion, a 
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thorough knowledge of the structural materials available and 
best suited to aircraft construction, with an adequate knowledge 
of the stresses to which they would be subjected in flight, and 
finally a definite correlation between the conditions of flight 
performance as measured in the laboratory, model or full scale, 
and the actual conditions of flight in free air. 

As time went on and he became more effectively adjusted to 
his job, he advanced boldly and strongly with proposals for new, 
larger and faster wind tunnels, tunnels for special purposes 
for the study of stability and control, for the study of turbulence, 
for the elimination or reduction to a minimum of the turbulence 
in the tunnel air stream, thus approaching the conditions of 
flight in the open air; for studies of gusts and their effect on 
stability and control, for studies on ice formation and means 
for its prevention; supersonic wind tunnels for pushing into 
that great unknown domain lying beyond speeds equal to that 
of sound in the air through which the plane is flying ; equipment 
for the analysis of engine and propeller performance, com- 
bustion and fuels, lubrication and friction, balance and vibration, 
the materials available for aircraft construction with refined and 
carefully planned equipment for the study and analysis of 
stresses and strains in aircraft structures. 

And then there was the Instrument Division which concerned 
itself with the invention, design and construction of a whole line 
of new and special instruments and appliances for making ob- 
servations on and measurements of aerodynamic and combustion 
phenomena. 

The proposals made by Lewis for realizing these various pur- 
poses met with the approval of the Committee and gained the 
support of Congress, and the plot of ground originally allotted 
to the Committee was soon fully occupied with buildings housing 
new and highly specialized equipment adapted to the study of 
aerodynamic and combustion phenomena. 

With this area fully occupied, a far lying corner of the field 
was next taken over for extension, and here a considerable 
number of new buildings was erected and equipment provided, 
each again intended to meet some special phase of aeronautic 
research. 
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Lewis was a pioneer in the design, construction and use of 
variable density, full scale, refrigerated, free flight, gust and 
high-speed wind tunnels. 

Dr. Lewis lived to see seventeen wind tunnels in operation 
at Langley Field, of varied dimensions, forms and air speeds, 
and intended for the exploration of almost every form of aero- 
dynamic problem subject to investigation by such means. 

Dr. Lewis found it necessary to concern himself not only 
with aircraft in the narrow sense of the term, but also with sea- 
planes and flying boats as well. With such craft there is the 
water-borne phase and the air-borne phase. The latter could 
be investigated by the use of the same facilities as for normal 
aircraft. But for the former, special facilities were required 
and under his direction there were designed and constructed at 
Langley Field two seaplane channels, one having a length at 
first of 2020 feet and placed in operation in May of 1931, later 
extended to a length of 2960 feet and placed in operation in 
October of 1931 and a second special purpose channel of length 
1800 feet and placed in operation in December 1942. 

Here have been carried out long series of investigations and 
researches relating to the water-borne phases of such craft. 
They have been of the greatest importance in the development 
and improvement of such craft and constitute definitely one of 
the great contributions to aero-hydro science standing to the 
credit of the N.A.CA. 

The supply of electric power available to meet the demand 
for power drive at Langley Field was limited and this caused 
a limitation to needed further expansion. In consequence, in 
the late years of the decade 1930-40, a serious study was under- 
taken of the question of another laboratory site away from 
Langley Field and preferably in the west or on the Pacific Coast. 
After long and careful investigation, the choice fell on MofFett 
Field, near Palo Alto, California. The location of the new site 
at this point resulted from its meeting, adequately, the require- 
ments of the supply of electric power, climate favorable to all- 
the-year flying weather, and nearness to the great centers of 
aircraft industry in southern California. 

Here a start was made on the construction of laboratory build- 
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ings and the supply of equipment in the closing years of the 
decade, and in June of 1944 the Ames * Aeronautical Labora- 
tory was there opened and dedicated to the service of our 
country, and more widely to the world-wide domain of aeronautic 
research. 

Here is the mammoth full scale tunnel with a throat opening 
of 40 by 80 feet, a 6 foot by 6 foot supersonic wind tunnel, 
with eleven others of throat diameters up to 20 feet, and each 
intended for special phases of aeronautic research. 

In the spring of 1939 Lewis made a trip to the chief centers 
of aeronautic research in Europe. He was especially impressed 
with the character and extent of the work which he saw there 
directed toward improvement in the aeronautic engine. These 
impressions strengthened and confirmed his own feelings on this 
subject, and on his return to Washington he recommended most 
strongly to the Committee the development of a laboratory for 
like purposes in the United States. This important step by 
Lewis was a natural expression of his earlier training. He was 
a mechanical engineer by education and naturally sensitive to 
the part which the aeronautic engine was then playing as the 
agency for the supply of power for the propulsion of the plane. 

He carried the Committee with him in his recommendation 
and a committee was appointed to consider the question of site. 
After a careful study of some 72 proposed locations, a site in 
Cleveland, Ohio, was selected as having the best combination of 
the following features proximity to a large flying field ; prox- 
imity to industrial, technical and scientific centers; living and 
working conditions; availability and cost of power and water 
services, and area available for future expansion. 

Here in 1940 a start on construction was made and in 1942 
the laboratory was opened and work on a wide variety of prob- 
lems relating to the internal combustion engine for aeronautic 
purposes was promptly under way. 

Here are to be found, among six wind tunnels of varying 
sizes and wind speeds and for a variety of purposes, an altitude 
tunnel capable of simulating flight conditions as regards air 

* Named in honor of Dr. Joseph S. Ames, President of Johns Hopkins 
University, and Chairman of the N.A.C.A. for 12 years. 
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density and temperature up to altitudes of 50,000 feet and where 
aeronautic engines can be studied in operation under accurately 
controlled conditions with air stream speeds up to 500 miles 
per hour. 

An 8 foot by 6 foot supersonic tunnel, believed the largest 
supersonic wind tunnel in the world, is located here. There is 
also an icing tunnel for research on the icing of aircraft com- 
ponents. 

It is appropriate to add at this point that, at a later time, the 
Committee gave to this laboratory the name "Lewis Flight Pro- 
pulsion Laboratory/' in honor of Dr. George W. Lewis and in 
recognition of the part which he played in its design and con- 
struction. 

At each of these laboratories a special feature was made of 
a Flight Research Division. Lewis held it as a cardinal prin- 
ciple that laboratory results, especially if to model scale, before 
being turned over for use in the armed forces or in industry, 
must be proven in the air. In accordance with this principle, 
at each of the three laboratories he directed the organization of 
a strong flying division with skilled pilots, scientists, engineers 
and technicians, for the final checking of laboratory results 
under the conditions of actual flight in the air. 

This required the invention, design and construction of a wide 
variety of special instrumental equipment for making and 
recording the observations while in the air. This special ac- 
tivity, it may fairly be said, has led the world of aeronautic 
research, especially in actual flight, and it traces immediately 
to Lewis and his strong and enthusiastic support of the instru- 
ment division in the various laboratories. 

An important feature of the activities of the N.A.C.A. was 
the policy, fostered by Lewis from the first, of research con- 
tractual relations with technical institutions of higher learning. 
From his background, both as educator and research worker, 
he was in a position to realize clearly the mutual advantages to 
be gained by cooperative relations with technical educational 
institutions. The Government gained the services of talented 
personnel, not otherwise available, and often of specialized 
equipment. The institution gained in the extension of its range 
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of problems for advanced work and in a sense of partnership 
with the Government in dealing- with its technical and scientific 
problems. A further benefit resulted to the Committee from the 
interest awakened in bright young students through contact with 
aeronautics problems, an interest which furnished a field for 
the selection of additions to laboratory personnel. 

The relation was worked out on the basis of a simple form 
of contract calling for a report at a specified time on a carefully 
defined problem. This program of educational contracts has 
grown in magnitude and importance from an annual total of 
some $5,000 for four or five contracts to an annual total of 
$600,000 for some 35 contracts with the same number of edu- 
cational institutions. In all a total of some 400 contracts with 
50 institutions have produced results of great importance and 
of definite value. As a less tangible benefit, these contracts have 
served to bring more closely together teaching staffs and students 
in aeronautic engineering on the one hand with Government 
personnel engaged in aeronautic research on the other un- 
doubtedly to the advantage of both. 

A cardinal feature of the Lewis policy in carrying on the 
work of the Committee was his controlling sense of obligation 
to serve the needs of the armed services. From the first he 
developed cordial and cooperative relations with the air branches 
of the Army and of the Navy. The many problems which arise 
in the course of the development of a new design were freely 
submitted to the Committee for study and advice, and the best 
efforts of the Committee were, through Lewis and his labora- 
tories, brought to bear on these problems. In return, the serv- 
ices furnished to the Committee aircraft and engines for funda- 
mental research, or other materials or equipment to augment 
their available research facilities. Among such items, the 
largest was an allotment of $4,500,000 for the construction of 
the 6 foot by 6 foot supersonic wind tunnel at the Ames 
Laboratory. 

It may be here noted that the Executive Orders of President 
Roosevelt establishing the great war research organizations, 
O.S.R.D. and N.D.R.C., excepted aeronautic research from the 
fields to be covered by them, thus leaving the N.A.C.A. un- 
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affected and free to pursue its way without outside interference 
or direction. This is a striking indication of the confidence in 
high places enjoyed by the N.A.C.A. and its Director of Re- 
search, George W. Lewis. 

Two or three illustrative cases may be cited of important 
results developed by the N.A.C.A. laboratories for the first, 
the Low Drag Wing. 

It had long been known that the boundary layer of air flowing 
adjacent to the wing was, during the early part of its flow, 
laminar in character, becoming more and more turbulent and 
confused toward the latter part of its contact with the wing. 
It was also known that the f rictional drag due to the turbulent 
flow was much greater than that due to the laminar flow. It 
appeared then, as an obvious objective, to extend the domain 
of the laminar flow and restrict that of the turbulent flow. 

Various attempts had been made to realize these ends by 
varying the shape of the cross section of the wing, but with no 
satisfying results. Theoretical studies had shown that turbu- 
lence in the air first meeting the wing would promptly induce 
turbulence in the boundary layer. Existing wind tunnels all 
had turbulence in the air stream, but in free air, in actual flight, 
the turbulence in the air meeting the wing is usually negligibly 
small. 

The first step in the study was therefore to design and build 
a wind tunnel in which the air stream should be in a condition, 
as regards turbulence, as nearly as possible similar to that in 
free air. This was realized at Langley Field. 

Tests of airfoils in this tunnel showed that the extent to which 
laminar flow could be carried beyond the leading edge was ex- 
tremely sensitive to the form of the cross-section of the foil. 
In the meantime, theoretical studies had shown that the change 
in normal pressure along a wing surface was dependent on the 
curvature of the surface and this suggested the control of the 
pressure by the curvature. A wing section was then designed 
to have a pressure distribution suited to the promotion of lami- 
nar flow over the surface. This section was tested in the turbu- 
lence free tunnel with most promising results. The drag of the 
wing was reduced to about one-half its value with turbulent flow. 
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Before passing on these astonishing results, in view of the 
unknown effect of the peculiarities of shape in this wing section 
on stability, control, take-off and landing, Lewis directed the 
Flight Test group to take over the problem of giving this form 
of wing section a practical test in flight. This was successfully 
carried out and showed the new form to be adapted to the 
conditions of full-scale flight. A wing of this form was given 
to the Mustang Army Fighter and enabled that plane to attain 
a speed well beyond anything heretofore considered possible for 
a plane of that power. 

Without detailed description, note may further be made of 
engine cowling, flapped wings and tricycle landing gear, all of 
which are now in general use, as further instances of devices 
and forms of construction tracing directly to the N.A.C.A. and 
developed under the direction of Dr. Lewis. 

Reference has already been made to the cordial and coopera- 
tive relations established by Lewis with the armed services. 
They knew him to be wholly dependable regarding confidential 
matters, and they had implicit confidence in his caution and 
good judgment as well as in his untiring zeal in attacking their 
problems and coming back promptly with effective solutions. 

An instance may be given of a specially confidential problem 
given to Lewis by the Army Air Service during a critical 
period in the late World War. 

Strategic bombing, deep in enemy territory depends on fighter 
escort for the bombers. The new type of fighter plane counted 
on for this service seemed on the verge of failure to meet re- 
quirements. The situation was put up to Lewis by Gen. H. H. 
Arnold, Head of the Army Air Service, as one of the highest 
importance. Lewis immediately organized an all-out plan of 
campaign to discover the cause or causes of the trouble and find 
a remedy. This involved aerodynamic research at the Langley 
and Ames Laboratories with engine investigation at Cleveland 
and with flight research at all three laboratories, to test out in 
flight proposed remedial measures. These efforts met with 
success and the bombing program was laid on as planned. 

These are only a few instances of many results of world- 
wide import, developed .by research teams under the inspiration 
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and guidance with which Lewis effectively directed the members 
of his organizations. 

A special feature of reports on such work, and of all reports 
on investigation and research, was the modesty and self eiface- 
ment shown by Dr. Lewis. Literally, hundreds of specific prob- 
lems relating to military and naval aircraft were attacked and 
solved by research teams working under his direction. But of 
all the reports on such work there is no signature by him. The 
reports themselves were signed by the man actually in immediate 
charge of the work and were transmitted by Lewis as coming 
from the Committee. At this point it may be of interest to note 
that the total number of documents published by the N. A. C. A. 
during the period covered by the services of Dr. Lewis amounts 
to 7,826, covering the entire domain of aeronautic science, and 
constituting what is believed to be an output of material relating 
to aeronautics unparalleled for any like period elsewhere in the 
world. 

George Lewis was keenly sensitive to the significance and 
bearing on his own work of closely related sciences. For ex- 
ample, meteorology and aeronautics are both concerned with the 
atmosphere and its phenomena, and from the start of his work 
in charge of N. A. C. A. research, he cultivated the most cordial 
and friendly relations with the Weather Bureau. He was 
keenly alive to the utilization of meteorological knowledge and 
the services of the Weather Bureau in the advancement of aero- 
nautic science. 

The Chief of the Weather Bureau closes a warm appreciation 
of Dr. Lewis with the words : 

"Dr. Lewis personally was always considerate, stimulating 
and helpful in his relationships with the Weather Bureau." 

During the 28 years of his supervision of the research work 
of the N. A. C. A., Lewis saw the birth of aeronautic research 
and played a major role in its growth to its present commanding 
importance, as evidenced by the role of aircraft in World War 
II, and the post-war developments in military and naval air- 
craft and in civil air transport. Under his direction it may be 
fairly claimed that the N. A. C. A. has made scientific and tech- 
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nical contributions of incalculable value to the United States 
and to the world at large. 

As an indication of the magnitude of its growth from its 
start in 1915 to the present time, note may be made that its 
first annual appropriation was for $5,000 while for 1945 it 
amounted to some $45,000,000 and for 1949 the budget stands 
at $48,000,000, while the number of employees reached a maxi- 
mum in August of 1945 of 6,829. 

The task of carrying on this great work to still higher levels 
must now be assumed by others, but Lewis will always be re- 
membered as the great pioneer who blazed the way during his 
direction of the work of the National Advisory Committee for 
Aeronautics from 1919 to 1947. 

In personality, Lewis was in the highest degree friendly, 
modest and retiring in disposition. He made friends of those 
about him of the employes of the laboratories, of his associ- 
ates in administrative work, of the officers of the Army and 
Navy with whom he came continuously in contact, and with 
Members of Congress with whom he had often to deal in con- 
nection with questions of Committee policy and appropriations 
of money to carry out the Committee's plans. 

His keen interest in the work of the laboratories led him to 
make frequent visits to them. On such visits it was his custom 
to contact the employes in small groups, discuss with them 
their work, help with suggestions for the meeting of difficulties 
and above all to commend and encourage them, Such an atti- 
tude on his part naturally made warm friends of the employes. 

Shortly after his relief as Director of Research (1947) and 
appointment as Consultant (due to a serious break in health), 
his associates drew up a fine appreciation, published in the U. S. 
Air Service for September 1947, from which the following 
extract is made. 

"During the past 28 years Dr. Lewis has recruited and trained 
the research staff of the N. A. C. A. from a handful of workers 
into the present force of 6,000 people. He planned and carried 
through the unique research facilities of the Langley Memorial 
Aeronautical Laboratory, at Langley Field, Virginia, the Ames 
Aeronautical Laboratory at Moffett Field, California, and the 

307 



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS VOL. XXV 

Flight Propulsion Research Laboratory at Cleveland, Ohio. He 
is responsible for the introduction, in aeronautic research, of 
variable density wind tunnels, free-flight tunnels, and high speed 
wind tunnels, some approaching and some exceeding the velocity 
of sound. He has led an outstanding technical staff from which 
have come a succession of advances in aeronautical science re- 
sulting in technological improvements in American aircraft of 
great significance to both civil and military aeronautics." 

It was the same with officers of the Army and Navy with 
whom he was in continual contact in connection with problems 
on which they wished the help of the Committee. His genial 
helpful attitude toward them and toward their problems made 
for warm friendship not only with him, but helped greatly to 
build up and maintain a friendly entente between the armed 
services and the Committee as such. 

The U. S. Air Service itself closed a most warmly apprecia- 
tive tribute to Dr. Lewis with the words : 

"We know of no man who can exactly fill the place in the 
American aeronautic picture which Dr. Lewis occupied so 
capably and entertainingly for three decades." 

The professional make-up of Lewis was such that he would 
not permit himself to make an important decision about per- 
sonnel or about a problem without exhausting the sources of 
information regarding the subject matter in question. With 
laboratories spread from Virginia to California, this resulted 
in a very great amount of travel and innumerable conferences 
with leaders and key men, with research teams and with workers 
individually. He also felt it incumbent on him to keep in inti- 
mate touch with the newest trends in the art through visits to 
military and naval flying centers, to aircraft and engine factories, 
and, as noted elsewhere, to Europe. 

This professional strategy was of definite value to the Com- 
mittee and to its laboratory as long as the research staff 
was small or moderate in size. Before Pearl Harbor there 
were some 600 people at the Langley Laboratory. By V-J 
Day there were upwards of 6000 in three great laboratories 
stretching across the country. This insistence on knowing 
things for himself made it difficult for him to delegate authority 
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to others, and in the end the burden became too great for human 
endurance. Without a vacation during the five years of World 
War II, he drove himself beyond the point of human endurance 
and in 1945 his heart gave warning of serious impairment. 
The condition grew no better and in 1947 he was relieved of 
his task as Director of Research to become a Consultant to the 
Committee. As such he continued to come to his office regularly 
for a half day, taking the afternoon for rest, often with a brief- 
case well stocked with reports for examination or problems for 
study. 

The impairment to his physical stamina was, however, beyond 
repair and on July 12, 1948 he died at his summer home near 
Scranton, Pa. 

George W. Lewis was a natural leader of men. He was en- 
dowed with the qualities of mind and character which admirably 
fitted him to lead American aeronautical research over the 
critical period of the years 1919-1947, during which aircraft 
came into their own as agencies of war, both military and naval, 
as well as for civil air transport. 

As Director of Research for the N. A. C. A. he led an organi- 
zation which grew from small beginnings to over six thousand 
people. This great aggregate of research teams in widely di- 
versified fields of applied science and engineering, he largely 
recruited and trailed during the 28 years of his service as direc- 
tor of their work. Likewise the research equipment of the three 
great laboratories was planned chiefly by him and his plans were 
presented so persuasively and effectively to the Congress that 
the money needed for their construction and equipment was 
promptly appropriated to the aggregate sum of about one hun- 
dred million dollars. 

On matters of broad policy, Lewis was, of course, under the 
direction of the Committee. The members of the Committee, 
non-salaried and giving, for the most part, only a few hours at 
intervals to the work of the Committee, needed a man of the 
type of Lewis as their chief executive. He was ready to act in 
all matters in accordance with the decisions of the Committee, 
and was tireless and zealous in carrying out the broad programs 
of action as laid down for him. 
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He became well adjusted to governmental procedure, budget 
control, Congressional hearings, etc., and in such hearings and 
conferences carried himself so well and spoke so clearly and 
convincingly regarding the significance and importance of the 
proposals in question that he may properly be credited with a 
strong influence in determining the generous supply of funds 
for the needs of the Committee's plans and objectives. 

George W. Lewis made for himself a unique place in the 
development of aeronautic science and engineering in the 
United States, and more widely in the world at large. His op- 
portunities were great and he measured up to them. His name 
will live on always as the great leader who organized and di- 
rected the operations of the three great laboratories, the work 
of which has played so important a part in bringing aeronautic 
science and engineering from its feeble condition at the close 
of World War I to its commanding status at the close of World 
War II. 

It is a proud record and one in which his family and friends 
may take just pride. 

Dr. Lewis married Myrtle Harvey on September 9, 1908. He 
is survived by his wife, five sons and a daughter Arman 
Kessler, Alfred William, George William, Jr., Harvey Sweet- 
land, Leigh Kneeland, and Mrs. Myrtle Norlaine Senasack. 

During the course of his life he was the recipient of many 
honors and of recognition in high places. 

In 1934 he was appointed by Secretary Newton D. Baker to 
the Special Committee on the Army Air Corps (Baker Board). 
In 1937 he was appointed by the President a member of the 
Inter-American Aviation Conference in Peru, and in 1941 to 
the U. S. National Committee to deal with Inter-American 
aviation matters. During World War II he served by Presi- 
dential appointment on the National Inventors Council. In 
1948 he received the Presidential Medal for Merit and O. B. E. 
(Hon.) from Great Britain. 

In 1936 he was awarded the Daniel Guggenheim Medal "for 
outstanding success in the direction of aeronautical research," 
and in 1944 the Spirit of St. Louis Medal of the American 
Society of Mechanical Engineers. In 1939 he was chosen by 
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the Royal Aeronautic Society of Great Britain to deliver the 
Wilbur Wright lecture in London. , 

In 1934 Norwich University conferred on him the degree of 
Sc. D. (Hon.), and in 1944 the Illinois Institute of Technology, 
the degree of Eng. D. (Hon.). 

He was a life member of the National Aeronautic Association 
and for many years served on its board to homologate aviation 
records. He also served on boards or committees to make aero- 
nautical awards ; notably for the Brewer Trophy, Collier Trophy, 
Guggenheim Safe Aircraft Competition, Guggenheim Medal, 
Wright Medal, Manley Memorial Medal. 

He was Past President and Honorary Fellow of the Institute 
of Aeronautical Sciences, Member of the Society of Automotive 
Engineers, American Society of Mechanical Engineers and the 
American Philosophical Society. He was elected to the National 
Academy of Sciences in 1945. He was a member of the college 
fraternities Sigma Tau and Sigma Xi. 
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ROLLINS ADAMS EMERSON 
1873-1947 

BY MARCUS M. RHOADES 

Rollins Adams Emerson, born at Pillar Point, Jefferson 
County, New York, on May 5, 1873, was the son of Charles 
D. and Mary Adams Emerson. The first years of his life 
were spent on his father's farm in Jefferson County. However, 
when he was seven years of age his parents decided to leave 
their relatively poor upstate New York farm for the virgin 
prairie soil of Kearney County, Nebraska, and it was in this mid- 
western environment that he completed his primary and sec- 
ondary education. He then enrolled in the College of Agri- 
culture of the University of Nebraska and received the degree 
of Bachelor of Science from this institution in 1897. Follow- 
ing his graduation he accepted a position as Assistant Editor in 
Horticulture with the Office of Experiment Stations of the 
United States Department of Agriculture in Washington, D. C., 
where his duties were largely concerned with the abstracting of 
scientific papers. This sedentary occupation was not to his 
liking so in 1899 ne returned to his Alma Mater as Horticul- 
turist in the Nebraska Agriculture Experiment Station and as 
Assistant Professor of Horticulture on the college faculty. He 
remained on the Nebraska faculty until 1914, when he left for 
Cornell. In 1910-11 he took a year's leave of absence which 
he spent doing graduate work at Harvard University. He was 
awarded the Sc.D. degree from Harvard in 1913. 

During his boyhood in Nebraska, Emerson's interest in nat- 
ural phenomena was stimulated and fostered by his friendship 
with a local physician, himself a naturalist, whose friendly 
counsel encouraged the youthful Emerson to collect and identify 
the local flora. It is difficult* to say how important a role this 
physician played in directing the boy's energy along scientific 
lines, but it was not an insignificant one. Years after he left 
Nebraska, Emerson often spoke with affection of this local 
doctor. As an undergraduate at the University of Nebraska, 
Emerson was a student of Charles A. Bessey, and this great 
teacher also exerted a profound influence on the youthful and 
eager student. Most important of all, at least in his forma- 
tive years, was the wholesome atmosphere^ of the parental 
home. His father and mother were people of unusual ability 
and character who had a strong sense of civic responsibility 
and played a leading role in community affairs (his mother was 
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a direct descendant of Henry Adams from whom sprang the 
illustrious Adams family) . Better schooled than their neighbors, 
although his father was largely self-educated, they would on 
occasion teach school when teachers were unavailable ; both were 
determined that their children should have the best possible 
education. His parents were strict Methodists and young Emer- 
son was reared in a well-ordered home where a high value was 
placed on ethical standards. 

Emerson was one of the insatiably curious who are forever 
seeking a greater understanding of natural laws; he was a born 
investigator and experimenter. Even as a youth he designed 
and conducted experiments. His strong predilection for sci- 
entific inquiry is evident from the fact that he published a sci- 
entific paper in 1897, tne same year he received his B.S. degree 
from Nebraska, on the internal temperature of tree trunks. 
These experiments, the results of which were read in 1896 
before a meeting of the Nebraska Academy of Science, were 
begun in the summer o[ 1894 and continued during the vaca- 
tion periods of 1895 and 1896. This first publication was a 
simple and unpretentious bit of experimenting yet it shows 
clearly the qualities of luciclness and objectivity which charac- 
terize all of his published works. A reader of Emerson's 
papers never is left in doubt as to the purpose of the experiment, 
the experimental attack on the problem, the data obtained, and 
the conclusions drawn. He rigorously tested every hypothesis 
in an admirably dispassionate way. He was not given to specu- 
lations which could not be subjected to experimental test. 

Emerson's position at Nebraska, first as Assistant Professor 
and later as Professor of Horticulture, required htm to spend 
considerable time on matters of practical importance to the agri- 
cultural interests of the state. During his tenure at Lincoln, a 
number of papers and bulletins on subjects such as mulching of 
garden vegetables, handling of fruit trees, etc., appeared; but 
he managed to find time to do a great deal of experimental work 
of a more fundamental nature. In a sense Emerson was for- 
tunate in the time of his arrival in the scientific arena. The 
turn of the century saw the great impetus to experimental 
biology given by the rediscovery of Mendel's laws ; physical and 
chemical techniques were becoming useful tools in the biolo- 
gists' hands, and a new and exciting era lay ahead. Emerson 
began breeding work with beans, prior to the rediscovery of 
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Mendel's laws in 1900, with the expressed intent of learning 
more concerning the underlying principles of plant breeding. 
His hybridization of beans began in 1898 while with the United 
States Department of Agriculture, and in 1902 he published 
a "Preliminary account of variation in bean hybrids/' In this 
paper he showed that he was conversant with Mendel's work 
and that he proposed to ascertain the validity of Mendel's laws 
in his Phaseolus material. 

Emerson realized the tremendous implications of Mendelian 
inheritance and early embarked on a career of genetical research 
which was not to end until his death. He first concerned him- 
self with the heredity of the bean plant. In 1904 appeared a 
second publication on bean hybrids and a number of papers 
dealing with inheritance of seed coat colors and other characters 
appeared while he was at Nebraska. His first paper on maize 
genetics appeared in 1910, but he used maize as breeding mate- 
rial in 1899 when he conducted a cooperative experiment with 
H. J. Webber on the hybridization of ordinary field corn, sweet 
corn, and Peruvian corn. His 1910 publication deals with a 
latent factor for aleurone color (actually the recessive gene 
pr for red aleurone color present in a strain with colorless 
aleurone) but he stated in the introduction that he had been 
studying the heredity of the corn plant for several years and 
four problems were under investigation. One of these con- 
cerned modifying factors affecting intensity of aleurone color; 
a second, the appearance of mottled aleurone from the cross of 
purple by nonpurple ; a third, the nature of the red- white color- 
ation of "calico" corn; and the fourth, on latent color factors. 
The year in which he forsook beans for maize as his experi- 
mental plant is not certain, but the circumstances which led to 
his doing so are of interest. Desirous of obtaining laboratory 
material illustrating 3 :i Mendelian ratios for a course he taught, 
he made a cross of Rice popcorn with a sugary strain and self- 
pollinated the FI plants which were expected to segregate starchy 
and sugary seeds in a ratio of 3:1. These selfed ears were 
distributed to the class with the request that the data be reported 
to him. To his surprise and chagrin, the students' counts showed 
a marked deficiency of sugary seeds. Puzzled by this devia- 
tion, he felt that he could not set aside this material until he 
had determined the cause of the aberrant ratio. Thus began 
his maize studies in genetics which were ultimately to lead to 
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his founding one of the most active and productive schools of 
genetics in the world. Many years later, in 1934, a well-docu- 
mented paper appeared in GENETICS in which he showed the 
aberrant sugary ratios were due to linked gametophyte gene 
effecting differential fertilization. 

In addition to the four problems mentioned in his 1910 paper, 
Emerson, in 1908, began experiments on the inheritance of 
quantitative characters in maize which were designed to test 
whether or not these differences were due to numerous factors 
inherited in a strictly Mendelian manner. His results, together 
with similar data obtained by E. M. East, were published jointly 
in 1913 in what constitutes, even today, one of the best papers on 
the inheritance of quantitative characters. Emerson's interest 
in this problem never lagged and for many years, up to his 
death, he studied the inheritance of ear row number. Unfor- 
tunately his vast assemblage of data on row number was never 
published. It is to be hoped that some method will be found 
whereby his extensive data can be made available. 

Emerson was called to Cornell in 1914 as head of the Depart- 
ment of Plant Breeding, and it was there that his most impor- 
tant work was accomplished. Two of his students, E. G. 
Anderson and E. W. Lindstrom, accompanied Emerson to 
Ithaca and they were soon joined by others. Many prominent 
geneticists studied with Emerson at Cornell and his laboratory 
became known throughout the world, attracting many foreign 
students. Except for his first years at Cornell, he never engaged 
in formal teaching. His time was divided between administra- 
tive duties as Head of the Department of Plant Breeding and 
research in maize genetics. His method of handling graduate 
students was as effective as it was unique. He looked upon 
graduate students as mature individuals who should not be led 
by the hand but who should be given the opportunity to develop 
their own ideas. Above all he tried to encourage independent 
thinking. Although always available when students sought his 
help, he felt that the initiative lay with the student. When a 
new student appeared, he would usually assign him some rou- 
tine problem. He often remarked that he found this a very 
satisfactory method, because if the student were good, he would 
soon find a more interesting and exciting problem for his doc- 
toral dissertation, while if the student were mediocre, it didn't 
matter what kind of a problem he had. 

316 



ROLLINS ADAMS EMERSON RHOADES 

Emerson was the spiritual father of his students and the 
impress of his personality was left in part upon all who studied 
with him. His contagious enthusiasm, his prodigious energy, 
his absolute integrity and objectivity were such that all who 
were intimately associated with him caught in some measure 
these attributes of the man. Close personal ties bound him to 
his students. He once remarked that he looked upon them as 
sons. It is certainly true that he took almost as much pleasure 
in the achievements of his former students as if they were of 
his own flesh and blood. Graduate students are prone to be 
hypercritical of their professors, seizing upon any real or fancied 
weakness with a zest which must be disconcerting to their elders ; 
but Emerson's students never spoke of him save with respect 
and affection. Standing six feet in height, possessing a power- 
ful physique, Emerson was a fine figure of a man. His fine 
personal qualities endeared him to all who knew him. 

Emerson was completely absorbed in his scientific work. In 
July of 1947 he underwent a major surgical operation which 
disclosed that he was critically ill. Although 74 years of age he 
made a remarkable, but temporary, recovery and during the 
latter part of the summer and the early fall months did as much 
field work as the average man in good health. His condition 
was so weak that he would work for a short interval, then rest 
in his car until his flagging strength returned, whereupon he 
would again resume his tasks. Finally he was forced to his bed 
from which he never arose. But even in his last days his mind 
was occupied with genetical problems and he spoke of his work 
with his usual enthusiasm and fire. Truly his spirit was in- 
domitable. He was a man in every sense of the word. 

It might be said of Emerson as of Morgan that his greatest 
contribution to science lay not so much in his own research, 
however significant, but in the great influence he exerted as the 
inspiring leader of an active and productive school of genetics 
where young and promising students found a stimulating intel- 
lectual atmosphere. Nevertheless Emerson's researches were 
of the highest order. His masterful analysis of plant color 
inheritance, published in 1921, did more than any other single 
paper to establish maize genetics on a sound basis. His demon- 
stration that pericarp variegation was due to a mutable gene 
was the first proof of such a genetic basis for variegation. His 
studies on sex expression, on quantitative inheritance, on Zea- 
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Euchlaena hybrids, on multiple alleles, were all milestones of 
progress. More than any other single investigator he was 
responsible for the determination of the ten linkage groups 
of maize. 

Emerson's influence among students of maize genetics was 
widespread. By general consent he was the dean of maize 
geneticists and men such as Stadler, Jenkins, Mangelsdorf, 
Brink, Edgar Anderson, Hayes, and Jones, who were not his 
students, came to counsel with him. The high esteem in which 
he was held by his colleagues was such that he was able to organ- 
ize the Maize Genetics Cooperation and the Maize News Letter. 
To this News Letter, published annually, come unpublished 
data, progress reports, and scientific notes and comments from 
many laboratories. Seed stocks are both maintained and dis- 
tributed by the Cooperation. This magnificent cooperative 
effort, which did much to advance the progress of maize gene- 
tics, was Emerson's creation. 

A remarkable incident, since it involved two men destined 
for leadership in genetics, occurred in the pre-Drosophila days 
of 1909 at a meeting of the American Breeders' Association. 
T. H. Morgan appeared on the program with a paper en- 
titled "What Are 'Factors' in Mendelian Explanations?" in 
which he expressed his skepticism of the already then com- 
monly accepted belief that alternative conditions (alleles) 
undergo segregation to form two kinds of germ cells in equal 
numbers. Morgan stated that "equal numbers of the alterna- 
tive conditions are not always present in each individual/' In 
the same address Morgan further expressed his position with 
the following criticism : "If one factor wiU not explain the facts, 
tihe$rim> are invoiced ; if two prove Insufficient, three will some- 
times worfc out." Emerson immediately followed Morgan on 
the program and presented a paper on "Factors for mottling 
in beans" in which he showed that the genetic data could not be 
accounted for by a single factor pair for mottling but that two 
factor pairs offered a satisfactory explanation for the data! 
Emerson was among the first to see the great promise of this 
new field of biological investigation. Later, in 1910, Morgan 
fully accepted the Mendelian interpretation of heredity and 
became the leader of one of the most brilliant schools in the 
history of all biological science. 

Although most of Emerson's work was in theoretical genetics, 
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he was genuinely interested in the application of genetic methods 
to plant breeding. In the 1920*5 he developed an anthracnose 
resistant pea bean and in his later years obtained some greatly 
improved strains of celery and melons. He seemed to take 
as much pride and pleasure in his successful breeding of celery 
and melons as in his genetic studies. As a matter of fact one 
of his most striking characteristics was the whole-hearted enthu- 
siasm with which he threw himself into every undertaking, be 
it genetics, plant breeding, hunting or bowling. He felt that 
if anything was worth doing, it was worth doing well. 

Many honors came to him. He was a member of the National 
Academy of Sciences, the American Philosophical Society, the 
American Society of Naturalists, of which he was President in 
1923, and the Genetics Society of America, which he served as 
President in 1933. He was a charter member of the American 
Society of Horticultural Science and a fellow of the American 
Association for the Advancement of Science. He was affiliated 
with the American Association of University Professors and 
the American Genetic Association. He was a member of Phi 
Beta Kappa, Sigma Xi, Phi Kappa Phi and Gamma Alpha. 
He served as Dean of the Graduate School of Cornell University 
for six years (1925-31). He was faculty representative on 
the Board of Trustees of Cornell University from 1925-27. 
The University of Nebraska awarded him the LL.D. degree in 
1917. Emerson, however, wore these honors lightly; he was 
a modest man without pretense. 

He made a trip in 1923-24 with F. D. Richey to the principal 
maize growing countries of South America for the purpose of 
collecting indigenous South American varieties. In 1935 he 
went to Yucatan at the invitation of the Carnegie Institution to 
study the probable food plants grown by the ancient Mayan 
peoples. He was a delegate to the Seventh International Gene- 
tics Congress at Edinburgh in 1939. 

He was married to Harriet Hardin, on May 23, 1898. Four 
children were born of this union, all of whom survive. His 
eldest son, Sterling Howard Emerson, is now Professor of 
Genetics at the California Institute of Technology. All who 
had the privilege of visiting the Emerson home know of the 
strong ties of affection which- bound this family together. Mrs. 
Emerson preceded him in death by several years. Professor 
Emerson passed away on December 8, 1947. 
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